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PEBFACE. 


This Book is written with the object of supplying the student with 
directions for the microscopical examination of the tissues. At the 
same time it is intended to serve as an Elementary Textbook of 
Histology, comprising all the essential facts of the science, but omit- 
ting unimportant details, the discussion of which is only calculated to 
confuse the learner. For a similar reason references to authorities 
have also been omitted. Most of the illustrations are taken from the 
second volume of Quain's Anatomy, ninth edition, where their author- 
ship will be found acknowledged. Of the remainder, those which 
have been selected from other authors are duly indicated; the rest 
have either been drawn expressly for this work, or have been trans- 
ferred to it from the author’s ‘ Course of Practical Histology.’ 

For conveniently accompanying the work of a class of medical 
students, the book is divided into forty-two lessons. Each of these 
may be supposed to occupy a class from one to three hours, according 
to the extent to which the preparations are made beforehand by the 
teacher or are prepared during the lesson by the students, A few of 
the preparations— e.gf. some of those of the sense-organs— cannot well 
be made in a class, but it has been thought advisable not to injure iixo 
completeness of the work by omitting mention of them. 
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Only those methods are recommended upon which long experience 
has proved that full dependence can be placed, but the directions given 
are for the most part capable of easy verbal modification in accordance 
with the ideas or experience of different teachers. 

For other processes and more minute details than could suitably 
be given here the student is referred to manuals which are devoted to 
practical work, such as the ‘ Practical Physiology ’ of Prof. Poster and 
Mr. Langley, the ‘Practical Histology’ of Prof. Eutherford, the 
‘ Textbook of Practical Histology ’ of Prof. Stirling, and the author’s 
‘ Course of Practical Histology.’ 
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.THE ESSENTIALS OF HISTOLOGY^ 


INTKODUCTOEY. 

ENUMERATION OF THE TISSUES AND THE OENERAL 
STRUCTURE OF ANIMAL CELLS. 

Animal * is the science which treats of the minute struc- 

ture of the tissues and organs of the animal body ; it is studied with 
the aid of the microscope, and is therefore also termed Microscopical 
Anatomy, 

Every part or organ of the body, when separated into minute frag- 
ments, or when examined in thin slices (sections), is found to consist of 
certain textures or tissues, which differ in their arrangement in different 
organs, but each of which exhibits characteristic structural features* 

The following is a list of the principal tissues which compose the 
body: — 

1. Epithelial. 

'Areolar 

Fibrous 

Elastic 

2. Connective Adipose 

Lymphoid 

Cartilage 

Bone 

V 

8. Muscular 

(Cardiac 

4. Nervous. 

Some organs are formed of several of the above tissues, others 
contain only one or two. 

It is convenient to include such fluids as the Uood and lymph 
amongst the tissues, because they are studied in the same manner and 
contain cellular elements similar to those met with in some of the 
other tissues. 

The elements which compose the tissues are of the nature either 
* From lvr6sy a, web or texture. 


/ Voluntary 
Involuntary or plain 
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fibres or cells. Some tissues are composed almost entirely of fibres 
with relatively few cells interspersed amongst the fibres ; this is the 
case witli most of the connective tissues. Others are composed entirely 
of cells, which, however, may in some cases be prolonged so as to form 
fibres ; but these are different from the fibres of the connective tissues 
in being formed directly from the cells of the tissue, whereas the fibres 
of the connective tissues are formed between the cells in an intercellular 
substance. Tissues which arc entirely composed of cells are the epithe- 
-lial tissues, whilst nelvous and muscular tissue are formed of cells 
which are partly or wholly extended so as to form fibres. 

Cells. — In the early embryo the whole body is an agglomeration 
of cells. These are minute portions of living substance or protoplasm, 
enclosing a vesicle wliicli is known as the nucleus. The tissues are 
subsequently formed either by changes which occur in the intercellular 
substance, or by changes in the cells themselves ; frequently by both 
those processes combined. The cells which are least altered from 
their embryonic condition are the white corpuscles of the blood, and 
these may be regarded therefore as typical cells. 

The protoplasm of a cell (fig. Ifp) h composed of a soft albuminous 
substance, which is characterised in typical cells by possessing the 
property of spontaneous movement. When the cell is unenclosed by a 
membrane a change in the shape, or even in the position of the cell, 
may be tliereby produced (amceboid movement), ^e protoplasm 
often contains granules of various kinds or droplets of watery fluid 
(vacuoles) ; the latter may be present in sufficient abundance to impart 
a reticular or sponge-hke structure to the protoplasm. In some cells 
the protoplasm has a striated or fibrillar structure. 

The nucleus of the cell (fig. 1, w) is a minute vesicle embedded in 
the protoplasm. It is bounded by a membrane wliicli encloses a clear 

substance (nuclear matrix), and the whole of 
tins substance is generally pervaded by an 
irregular network of fibres, some coarser, 
others finer (intranuclear network, n'). This 
intranuclear network often exhibits one or 
more enlargements, which are known as 
the nucleoli. The fibres within the nucleus 
have been observed to undergo spontaneous 
changes of form and arrangement, but this 
Fi<» 1 .— Diagkam or a < klt.. becomes much more evident when the cell 

is about to divide. The division of the proto- 
nuoioarnetwOTk,n',aii<inuoieo. piagm ig always preceded by that of the 
nucleus, and the intranuclear fibres undergo 
durmg its division a series of remarkable changes in arrangement 
and position, which are known collectively by the term kAryomitosis 
(karyokinesis). These changes may best be studied in the division 
of epithelium-cells (see Lesson VI.), but exactly similar phenomena 
have been shown to occur in cells belonging to the other tissues* Jxk 
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fi»ome cases it may be observed that the filaments of the intranuclear 
network are made up of fine juxtaposed particles, arranged either in a 
single or a double row. 

All the embryonic cells are foimed from the division of the ovum 
or egg-cell, which divides first into two cells, these again into two, and 
so on until a largo number of cells (embryonic coUs) are produced. 
Eventually these resultant cells arrange themselves in the form of a 
membrane {blastoderm) which is composed of three layers. These 
fayers are Imown respectively as the ectoderm or cpiblast, the meso- 
derm or mesoblast, and the entoderm or hypoblast. The ectoderm 
gives rise to most of the epithelial tissues and the tissues of the nervous 
system ; the entoderm to the epithelium of the alimentary canal 
(except the mouth), and the glands in connection with it ; and the 
mesoderm to the connective and muscular tissues. 

The histogonetical relation between the three layers of the blasto- 
derm and the several tissues aild organs of the body is exhibited in the 
following table : — 


Ectoderm 

or 

Epiblast 


Mesoderm 

or 

Mesoblost 


Entoderm 

or 

Hypoblast 


Tlie epithelium of the skin or epidermis, and its appendages, 
viz., the hairs, nails, sebaceous and sweat glands. 

The epithelium of the mouth, and of the salivary and other 
glands which open into tho mouth. The enamel of the 
teeth. The gustatory organs. 

The epitholimn of the nasal passages, and the cavities and glands 
which open into them. 

Tho epithelium covering the front of the eye, Tho crystalline 
lens. Tho retina. 

Tlio opitheliuni lining the membranous labyrinth of the ear. 

Tho epithelium lining the central canal of the spuia] cord and 
the fourth, tliird, and lateral ventricles of the brain. 

The tissues of the nervous system. 

The pituitary body. The pineal gland. 

"The connective tissues. 

The blood and lymph corpuscles. 

The G])ithelial lining of tho heart, blood-vessels, lymphatics, and 
serous mombranos. 

Tho epithelium of the uriniferous tubules (in part). 

The epithelium ol the generative organs, and the generative pro- 
ducts in both sex€»s. 

The muscular tissues, volimtary, involimtary and cardiac (except 
tlie muscular fibres of the sweat glands, which are epiblastic 
m origin). 

.The spleen and other lymphatic and vascular glands. 

Tho epithelium of the ahmentary canal (from the jiharynx to 
the lower end of the rectum) and all tho glands which open 
into it (including the liver and pancreas). 

The epithelium of the Eustachian tube and cavity of tho tym- 
panum. 

Tho epithelium of the larynx, trachea, and bronchi, and of all 
their ramifications. The epithelium of tho pulmonary 
alveoli. 

The epithelium of tho thyroid body. Part of the thymus gland. 

The epithelium of the urinary bladder and ureters, and of port 
of the uriniferous tubules. 
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LESSON I. 


USE OF THE HilCllOSCOPE, EXAMINATION OF 
COMMON OBJECTS. 


e 



Vui. 2.— Diagram or MioRoscorE. 


The requisites for practical Histology 
are a good compound microscope mag- 
nilying from about 60 to 400 linear ; slips 
of glass tochnicaUy known as ‘slides/ 
upon wliich the preparations are made; 
small pieces of thin glass used as covers 
for the preparations ; a few simple instru- 
ments, such as a razor, a scalpel) scissors, 
line-pointed forceps, and needles mounted 
in wooden handles ; and a set of Iluid re- 
agents for mounting and staining micro- 
scopic preparations/ A sketch-book and 
pencil are also requisite, and must be con- 
stantly employed. 

Examine the miciogfc *no (fig. 2). It 
consists of a tube {t ha Sig two systems 
of lenses, one at the upper end termed 
the ‘ eye-piece ’ or ‘ ocular ’ (oc), the other, 
at the lower end, termed the ‘ objective * 
(o6;). There should be at least two 
objectives - a low power, working at about 
} mch from the object, and a high power, 
having a focal distance of about ^ inch. 
The focus is obtained by cautiously bring- 
ing the tube and lenses down towards the 
object by the coarse adjustment, which is 
either a telescopic or a rack-and-pinion 
movement (adj)^ and focussing exactly by 
the fine adjustment, which is always a 
finely cut screw {adj% 

The stage (at) upon which the prepa- 
rations are placed for examination, the 
mirror (m) which serves to reflect the light 
up through the central aperture in the 
stage and along the tube of the instrument, 
and the diaphragm (d) below the stage 
which serves to regulate the amount of 
light thus thrown up, are all parts the 
employment of which is readily imder- 
stood. 

It is convenient to begin the study of 
liistology by the examination of the blood, 


* The directions for making the principal fluids used in histological work will 
be found in the Appendix. 
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but befoire doing this the student should endeavour to famililinBe huneelf 
with the use of l^e microscope, and at the same time leam to recognise some 
of the chief objects which are liable to occur accidentally in niiorosoopio 
specimens. On this account it has been considered dosuable to introduce 



Fig. 8.— Olio VNK math its iuiquicnil^ ik>sim in dlsi. (lleilzmann.) 

S, fibres of silk ; C\ of cotton ; X, of linen , W, of wool , A ftatlnr , A/* store h growuleM, Or 
oork , 0, spurts of njildew, if, ni\ctH«ra ortlmwlaof mildew, i/c, microcow i, bac- 
teria; Lt, loptothilx: filaments (500 diameters). 


directions for the examination of starch-granules, air-bubblos, linen, cotton, 
and woollen fibres, and the usual constituents of the dust of a room, mto the 
first practical lesson. 
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1. Examination of gtaroli«granules. Gently scrape the cut surftoe of a 
potato with the point of a knife ; shake the Btareh^grannles so obtained into 
a dim of water upon a clean slide and apply a cover-glass. 

With the low power the starch-granges look like dark specks differing 
considerably in size ; under the high power they are clear, dat, ovoid particles 
(fig. 8, 8t), with a sharp outline when exactly focussed. Notice the change in 
appearance of the outline as the microscope is focussed up or down. On close 
examination fine concentric lines are to be seen in the granules arranged 
around a minute spot which is generally placed eccentrically near the smaller 
end of the granule. Skel^h two or three starch -granules. ' 

Notice the appearance of air-bubbles in the water. If comparatively 
large they are clear in the middle, with a broad dark border due to refraction 
of the light ; if small they may look entirely dark. 

2* Examine fibres of linen and of cotton in water, using a high power. 
Compare the well-defined, relatively coarse, striated, and slightly twisted linen- 
with the longer, finer, and more twisted cotton-fibres. Sketch one of each 
kind. 

8. Mount two or three hairs from the head in water and look at them, 
first with the low, then with the high power. Examine also some fibres 
from any woollen material and compare them with the hairs. They have 
the same structure, although the wool is finer and is curled ; its structure 
may be partly obscured by the dye. Draw one or two woollen fibres. 

4. Examine some dust of the room in water with a high power. In 
addition to numerous groups of black particles of carbon (soot) there will 
probably be seen fibres of linen, cotton, or wool, and shf I epithelium-cells 
derived from the epidermis. ^ 

6. Prepare a scale to servo for measuring objects under the microscope. To 
do this put a stage -micrometer (which is a glass slide ruled in the centre, with 
the lines and jjg millimeter apart) under the microscope in such a manner 
that the hnes run from left to right (the microscope must not be inclined). 
Focus them exactly. Put a piece of white card on the table at the right of 
the microscope. Look tlirough the instrument with the left eye, keeping the 
right eye open. The lines of the micrometer will appear projected upon the 
paper. Mark their apparent distance with pencil upon the card, and after- 
wards make a scale of lines in ink the same interval a})art. A magnified repre- 
sentation is thus obtained of the micrometer scale. Mark upon it the number 
of the eye-piece and of the objective, and the length of the microscope tube. 
This scale-card wiD serve for the measurement of any object without the 
further use of the micrometer. To measure an object, place the scale-card 
upon the table to the right of the microscope and view the object with the 
left eye, keeping the right eye open. The object appears projected imon 
the scale, and its size in or of a millimeter can be read off. It is 
important that the same objective and eye-piece should be employed as were 
used in making the scale, and that the microscope tube should be of the same 
length. 
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LESSON 11. 

• STUDY OF TUF HUMAN BLOOD -gOBFUSCLFS, 

1. Having cleaned a slide and cover^glass, prick the finger and mount a 
small drop of blood quickly, so that it has time neither to dr^ nor to coagiilate. 
Examine it at once with &e high power. 

Note (a) the coloured corpuscles, mostly in rouleaux and clumps, but some 
lyin^ apart seen fiat or in profile ; (6) the colourless corpuscles, easily made 
out if the cover-glass is touched by a needle, on account of their tendency to 
stick to the glass, whilst the coloured corpuscles are driven past by the cur- 
rents set up ; (c) in the clear spaces, fibrin rilamonls and elementary particles 
or blood-tahlets. 

Sketch a roU of coloured corpuscles and one or two colourless eorjiuscles. 
Count the number of colourless corjmscles in a field of the microscope. 

2. To be made like 1, but the drop of blood is to bo mixed upon the slide 
with an equal ainoimt of 0*6 per cent salt solution, so that the rod coipusclos 
tend to be less massed together, tuid their peculiar shape is better displayed. 

Sketch a red cori)ntK*le seen on the flat and another in profile (or 
optical section). Also a crenated corjmscle. 

Measure ten red coiqmscles, and from the results ascertain tlio average 
diameter of a corpuscle. 

8, Make a preparation of blood as in § 1 and put it on one side to coagu- 
late. After fifteen minutes allow a drop of a solution of borax -carmine ‘ to 
run under the co\er-glass. This decolorises the red corpuscles, but stains 
the nuclei of the wliite cori)U8(*les and brings the network of fibidn filaments 
and the elementary particles clearly into view (fig. 7). After a drop of gly- 
cerine has been allowed to diffuse into the fluid the cover-glass may bo 
cemented with gold-size and the preparation labefled and kept. 

4, Enumeration of the blood-corpuscles. This is rea(hly effected by the 
haemacytometer of Gowers. This instnmient consists of a glass slido (lig. 4, r), 
the centre of which is ruled into millimeter squares and surrounded by a 
glass ring J mm. thick. It is provided with measuring pipettes (a and B), a 
vessel (n) for mixing the blood with a saline solution (smphato of soda of sp. 
gr. 1015), glass stirrer (e) and guarded needle (r). 

‘ The mode of proceeding is extremely simple, 995 cubic millimeters of 
the saline solution are placed in the mixmg jar ; 5 cubic millimeters of blood 
are ^on drawn from a puncture in the finger and blown into the solution. 
The two fluids ore well mixed by the stirrer and a small drop of this dilution is 
placed in the centre of the cell, the cover-glass gently laid on (so as to touch 
the drop, which thus forms a layer J mm. thick between the slide and cover- 
glass) and pressed down by two brass springs. In a few minutes the cor- 
puscles have sunk to the bottom of the layer of fluid and rest on the squares. < 
The number in ten squares is then counted, and this, multiplied by 
gives the number in a cubic millimeter of blood.’ 


* See Appendix. 



8 


THE ESSENTIAl^ OF HISTOLOGY 



1 IG 4 — II^ MAC YTOMI J Ktt OF GOA\ ER8 



Fig 6 — lit man biooi> as sein on iiih. warm 
STAGE, (Mouthed about 1 200 di uneters.) 

♦ , r, sinsfle red corpusolea stcu lying flat , »•', red cor 
puMClet on their e<lgc and Ticvved ui profile , rtd 
corpusoleft arranged m ionic aux , c, r, cieuatc red f or 
pusoles, p, a finely granular pule coxpuiclc a 
coarsely granular pale ooipu'^lc Both hav€ two or 
tliree distinct vacuoles, and w ere undergoing cliaugts 
cl shape at the momeut of observation » jin g, a nucleus 
Mso is vlbib c 


Fig 6 — Human bed cohpus- 
CIFS IlING SINGiy and fOL- 
1 1 c I Fi> INI o ROLJ>s (As seen 
undei an ordinary hi^h power 
ot the microscope ) 


STUDY OF THE HUMAN BLOOD-COEPUSOLBS 
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The coloured hlood^oorpnsoleB. — ^Under the microscope the blood is 
seen to consist of a clear fluid iplmnia), in which are suspended the blood- 
corpmcles (fig. 6). The latter are of two kinds : the red or coloured 
(r, r'), which are by far the most numerous, and the white, pale, or 
colourless {p, g), which from their occurrence in the lymph are also 
known as lymph-corpuscles. When seen singly the coloured corpuscles 
are not distinctly red, but appear of a reddish-yellow tinge. In the 
j^lood of man and of all other mammals, except the CameUdae, they 
are biconcave circular disks. Their central pftrt usually has a slightly 
shaded aspect, under the ordinary high power (fig. 6, 1), but this is due 
to their biconcave shape, not to the presence of a nucleus. They have 
a strong tendency to become aggregated into rouleaux and clumps when 
the blood is at rest, but if it is disturbed they readily become separated. 

If the density of the plasma is increased in any way, as by evapo- 
ration, many of the red corpuscles become shrunken or crenated (c). 

The average diameter of the human red corpuscles is 0*077 milli- 
meter (about inch).^ 

There are from four to five millions of coloured corpuscles in a cubic 
millimeter of blood. 

The colourless corpuscles of human blood are a little larger than 
the coloured, measuring 0*01 mm. (^ inch) in diameter. They 
are far fewer, numbering not more than ten thousand in a cubic 


millimeter. Moreover they are 
specifically lighter, and tend to 
come to the surface of the prepara- 
tion. If examined soon after the 
blood is drawn, they are usually 






spheroidal in shape, but they soon 
become irregular (fig. 5, p, g), and 
their outline continually alters, 
owing to the amoeba-like changes 
of form to which they are subject. 
Some of the colourless corpuscles 
are very pale and finely granular, 
others contain coarser and more 
distinct granules in their proto- 
plasm, The protoplasm may also 
contain clear spaces or vacuoles. 



Iio. 7. — ^Fmitijsr riLAMLMa am> «i-.ood- 

lABLKlS. 

,, lutwork of fibrin, Bhown allor wimlujiK 
till coipiHole^tioni a piciicimtiuii ot blood tfiat 
lirthbteii allowed to clot , man) of the fllameuta 
rMlule from wimll elumps ot blood-tablets. 
IJ (fiom Osier) blood-coipnsclos and thmen- 
tirj partiolos or blood-tublets, withlu a bniall 


and a reticular structure is described 


in it by some histologists. Each pale corpuscle has one or more 
nuclei, which are difficult to see without the aid of reagents. 

In the clear fluid in which the corpuscles are suspended, a network 
of fine straight intercrossing filaments (fibrin) soon makes its ap- 
pearance (fig. 7). There are also to be seen a certain number of 


’ The following list gives the diameter in paits of a nulUmt^ter of the red blood- 
corpuscles of some of the common domestic animals ; — Dog, 0*00751 ; rabbit, 0*0060 ; 
cat, 0*0065 ; sheep, 0*0060 ; goat, 0*0041. 
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sdnnte round coloorloBB discoid partides, either separate or odleeted 
into gioaps or masses, which may be of considerable size. These are 
theefementory particles or hlood-tablets. Their meaning is not known. 
Fatty particles may also occur in the plasma. 

Development of blood-eorpasoles. — ^In the embryo, the first-formed 
coloured hlood-corpuscles are anusboid nucleated o^s, the protoplasm 



FlO. 8. — DEVELOrMli^T OP BLOOD-VESSELS AND BlAX)D-C01iI»USCLKS IN TUB VASCULAR 
AREA OI THE GUINFA-PIG. 

hi, b'ood-cori)a<ic^e«t becoming tree in the interior of a nucleated prou^lasmio mass. 


of which contains hsemoglobin. These embryonic blood-corpuscles 
are developed within cells of the mesoderm, which unite with one 
another so as to form a protoplasmic network (fig, 8). The nuclei 
then multiply, and around some of them there occurs an aggregation 
of coloured protoplasm. Next the branched cells become hollowed 



Fio. 0.— Blood corpuscles deveu)pino within connective-tissue cells. 

k, a cell eontnining diffused bsemoglobin ; hf, globular masses of coloured substance in the 
protoplasm, v^lthiu 'wMcb also are numerous vacuoles; a oell filled with coloured 
globules. 


out by an accumulation of fluid in their protoplasm so as to form a 
network of blood-vessels, and then the coloured nucleated portions 
of protoplasm are set free within them as the embryonic blood- 
corpuscles (fig. 8, bl). 
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DEVEIX)PMENT OF THE BLOOD-CORPUSCLES 

Iq l8>t6r embxyonio life, and after birth, nucleated coloured cor- 
puscles are no loiter present in mammalian blood, but are replaced 
by the usual discoid corpuscles. These are formed within certain cells 
of the conn«5tive tissue, a portion of the protoplasm of the cell becom- 
ing coloured by heemoglobin, and separated into globular particles 
(fig. 9 , h, h', h"), which are gradually moulded into disk-shaped red 
coipuscles. In the meantime the cells become hollowed out, and join 
■idth similar neighbouring cells to form blood-vessels (fig. 10, a, b, c). 
The process is therefore the same as before, e^ept that the cell-nuclei 
do not participate in it. 



Fig. 10— FURTHfca development op blood-corpuscles in CONNECTIVK-nSSUE cells, 

AND TRANSFORMATION OF THE LATTER INIO CAPILI.AJtY BL(>Ol)-VJ.SSKIJiJ. 

fl, an cionafatod cell with a carity In Its protoplasm occnpkdhy fluid and by b ood-corpus- 
cles mostly globular; a liollow cell the nucleus of which has iiiulti]i ud. The new 
nuclei are arranged around the wall of the cavity, the (orpUM*los m which have now 
become discoid; c shows the mode of miion of a ‘ hR*mapol( tic * coll, which in tliib iu- 
Btance contains only one corpuscle, with the prolongation (W) of a previously existing 
vessel, a, and c, from the new-born rat ; &, from a fmtal blieep. 

Although no nucleated coloured corpuscles are to be seen in the 
blood in post-embryonic life, they continue to be found in the marrow 
of the bones (see Iiesson XIII.), and it is thouglit probable that the 
red disks may be formed in some way from these. Others have sup- 
posed that the red disks are derived from the white corpuscles of the 
blood and lymph, and others again that they are developed from the 
blood-tablets ; but the evidence in favour of these views is insufficient. 

The white blood-corpuscles and lymph-corpuscles occur originally 
as free unaltered embryonic cells, which have found their way into the 
vessels from the circumjacent tissues. Later they become formed in 
lymphatic glands and other organs composed of lymphoid tissue, and 
pass from these directly into the lymphatics and so into the blood. 
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LESSON IIL 

ACTION OF HEAGENTS UPON THE HUMAN BLOOD^ 
CORPUSCLES. 

1. Make a preparation of blood as in Lesson II. and apply a drop of 
water at one edge of the cover-glass. Examine at a place where the two 
fluids are becoming mixed. Notice particularly the first effect of water upon 
both red and white corpuscles, as well as the iiltimate action. 

Sketch both kinds of corpuscles under the action of water. 

2. Eepeat on another preparation, using very dilute alkali (0-2 per cent, 
potash in salt solution) instead of water. Notice the complete solution first 
of the white and then of the coloured corpuscles as the alkali reaches them. 

8. Bepeat on another preparation, using dilute acetic acid (1 per cent,). 
Observe that the effect of the acid upon the coloured corpuscles is similar to 
that of water, but that it has a different action upon the colourless corpuscles. 

Sketch two or tlireo of the latter after the action is completed. 

4. Make a preparation of blood mixed with salt solution as in Lesson II. 2, 
and investigate the action of tannic acid (2 per cent, soki i^) in the same 
way. 

Sketch two or three coloured corjmscles after the action is complete. 


The action of reagents upon the human red blood-corpuscles shows 
that, altliough to all appearance homogeneous, they in reality consist 

of an iiitiniaie intermixture of the colour- 
h e d t iiig matter or heomoglobin witli certain 
S & S OO other substances (globulin, lecithin, cho 
® lesterin), which are left as the colourless 

stroma, on dissolving out the haemo- 
globin, or on causing its discharge by 
any means from the corpuscle. This 
separation of the haemoglobin from the 
stroma can be effected by water (fig. 11, 
a-c) and also by dilute acids, by the 
action of heat (60° 0.), the freezing and thawing of blood, the vapour 
of chloroform, and the passage, of electric shocks through blood.' 




^o» 


Fio. 11. 


succe8‘»ive effects of Abater ujxm a 
ft (1 corpUbclr ; /, effect of solutiou ot 
8alt ; p, effect of tanmo acid. 


* In the blood of some animals crystals of haunoglobin readily form after 
its separation by any of these moans from the red corpuscles. These crys- 
tals are rhombic prisms in most animals, but tetrahedra in the guinea-pig, and 
hexagonal plates in the squirrel. They are most appropriately studied along 
with the chemical and ph} sical properties of blood, and are therefore omitted 
here. The same remark applies to the minute dark-brown rhombic ^stals 
(bmmn)y which are formed when dried blood is heated with glacial acetic acid, 
and to the reddish -yellow crystals of hcmiatoidin, which are found in old blood 
extravasations. 



ACTION OP REAGENTS UPON HUMAN BLOOD 13 

The miidng of human blood with the blood or serum of various animals 
also has a similar action, probably owing to differences of density or 
alkalinity. Tannic acid produces a peculiar effect (fig. 11, g)\ the 
haemoglobin is discharged from the stroma, but is immediately altered 
and precipitated, remaining adherent to the stroma in the form of a 
round or irregular globule of a brownish tinge (lisBmatin). 

The structure of the colourless corpuscles is also brought out by 
the action of these reagents. As the water reaches them their amce- 
boid movements cease ; they become swollen ^t into a globular form 
by imbibition of fluid (fig. 12, i), and the granules within the proto- 

(i) 

Fio. 12. 

1, first effect o£ the action of water iiiwiui white b’ood oorpn»clc ; 2, 3, white oorpuscles 
treated with dilute acetic acid ; w, nuclcu'J. 




plasm can be seen to be in active Brownian motion. Their nuclei 
also become clear and globular, and are more conspicuous than before. 
With the further action of the water, the corpuscle bursts and the 
granules are set free. 

Acids have an entirely different action upon the wliito corpuscles. 
Their nuclei become somewhat shrunken and very distinct (fig, 12, 
2 and 3 ), and a granular precipitate is formed in the protoplasm around 
the nucleus. At the same time, a part of the protoplasm generally 
swells out so as to form a clear bleb-like expansion (an appearance 
which often accompanies the death of the corpuscle from other 
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LESSON IV. 

STUDY OF THE BLOOD ^CORPUSCLES OF AMPHIBIA, 

• • 

1. Mount a drop of newt’s blood obtained from the cut end of the tail. 
Examine with the high power. Notice the shape of the coloured corpuscles, 
both when seen flat and edgeways, and the nucleus within each. 

Measure ten corpuscles, and from the results obtain the average dimen- 
sions of the newt’s bl(>()d-coq)usclo. 

Notice also the colonrloss corpuscles, smaller than the rod, but consider- 
ably larger than the p/de corjuisrles of human blood, although otherwise re- 
sembling these. 

Sketch two or throe red conuxscles and as many white. 

Be careful not to mistake the liberated nuclei of crushed red corpuscles 
for p»do corpuscles. 

Enonnoub cells and nuclei belonging to the cutaneous glands as well as 
the granular secretion of those glands may be present in this preparation. 

2. Apply a droj) of wrtt(»r to the edge of the cover-glass of the same pre- 
paration and notice its action upon the corpuscles, 

Hketch two or three corpuscles altered by the action of th'^^wator. 

8. Mount another drop of blood, and apidy dilute acetic acid (1 })er cent.) 
instead of water at the (»dge of the co\er-glas8. Make sketches showing the 
effect of the acid upon both rod and white corpuscles. 

4, Fixamino the corpuscles of newt’s blood which has been allowed to 
flow into boracic acid solution (2 per cent.). Notice the effect produced upon 
the coloured corpuscles. Sketch one or two. 


Tlio coloured blood-corpuscles of amphibia (fig. IB), as well as of most 
vertebrates below mammals, are biconvex elliptical disks, considerably 
larger than the biconcave circular disks of mammals.^ In addition to 
tlio coloured body of the corpuscle, wliich consists, as in mammals, of 
hfumoglobin and stroma, there is a colourless nucleus, also of an ellip- 
tical shape, but easily becoming globular, especially if liberated by any 
means from the corpuscle. The nucleus resembles that of other cells 
in structure, being bounded by a membrane, and having a network of 
filaments traversing its interior (fig. 14). It is not very distinct in 
the unaltered corpuscle, but is brought clearly into view by the action 


* The fallowing arc the dimensions in parts of a millimeter of some of the 
oorpusoles of oviparous vertebrates : ~ 


Pigeon 
Frog . 
Newt. 
Proteus . 
Amphiuma 


Lons’ liiaincter 

. 0*0147 
. 0*0223 
. 0*0293 
. 0*058 
. 0*077 


SlKirt (Hanietor 
0*0005 
0*0157 
00195 
0*035 
(H)46 
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o( reagents, espedally acetic acid. The action of reagents upon the 
red corpusole of amphibia is otherwise similar to that product upon 
the mammalian corpuscle, water and acetic acid causing it to swell 
into a globular form and then to become decolorised ; solution of salt 
causing a shrinking of the corpuscle, and so on. Roracio acid acts 
like tannic acid in causing the hemoglobin to be withdrawn from the 
stroma; but it becomes partially or wholly collected around the 
pucleus, which may then be extruded &om the corpuscle. 



Fio. LS. — tiuKi’s (Ranvier.) 

<1, rotl oorpiisrle Rpon on the flat ; v, raeiiolcs iu a ror 
pusclo, ft, r, rod corpuscles In profllo; n, pa’e cor 
pntolc at rest ; m, pale eorpuscle, exhibiting amtoboid 
inoYementfl , j?, coloured fusiform corpuscle. 



Flo, 1 U — CoLoaiiKi) 
courrsf i k of sa* 

LAMANltbU, HIIOW- 
INlUANird KAIt 

NKrwouic, (I'lm- 
ming.) 


The colourless corpuscles (fig. IB, fc, w, w)» although larger, are 
very similar to those of mammals. Like them, they are of two kinds 
— either wholly pale or enclosing a number of dark granules. They 
vary much in size and in the activity of their amoeboid movements. 
They may have one or several nuclei. Boagonts have the same effect 
upon them as on those of mammals. 
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LESSON V* 

THE AMCEBOID PHENOMENA OF THE COLOUllLESS 
BLOOD-COBPUSCLES. 

1. Make a preparation of blood from the fin^^er in tho usual way. Draw 
a brush just moistened with oil around the edfro of the cover-^?la&s to check 
evaporation. Place tho preparation upon a ‘ warm stage,* and heat this to 
about the temperature of tho body (8B° C). Bring a white corpuscle under 
obser^'ation with the high power, and watch the changes of shape which it 
undergoes. To become convinced of these alterations in form, mike a series 
of outline sketches of the same corpuscle at intervals of a minute. 

Tho simplest form of ‘ warm stage ’ is a thm co})per plate of about the size 
of an ordinarjr slide, perforated in tho centre and w ith a long tongue of tho same 
metal projecting from tho middle of one edge (fig. 16). The copjier plate is 
firmly cemented with sealing-wax to a glass shdc which rests upon the stage 



Fia. J5.-~SlMPLn ^VARM1^G APPAKATUS, tOMPLETL, SHOWN IN OPM{ \T10N. 


of the microscope. The preparation, which should be made upon a rather 
thin slip of glass, is put on to the warm stage and pressed into contact with 
it by the brass clips. Heat is applied to the copper tongue by a small spirit- 
lamp flame, and a greater or less amount is conducted to the warm stage 
and the supeijaoent preparation according to the point to which the flame is 



AUtms^ of mwjjmjm oobhjsoi^es ir 

Td i^soertam that the right temj^atuTe ie and maintamed, put 
two of paraffin, one minting at 85^ C, (06° Fo and another at 

(100° F.)» one on either side of the preparation. The tempera- 

ture must he such that the first piece is molted and remains so whilst the 
second remains solid.^ 

% Mount a drop of newt^s blood diluted with an equal amount of salt 
solution, and examine it in the same manner upon the copper stage ; the 
temperature must, however, he kept below 80° C, Observe the effect of heat 
ij^ accelerating the amoeboid movements of the pale corpuscles. Sketch one 
at intervals of a minute (a) in the cold, (b) whilst -farmed. 

3. Examine some yeast which has been mixed with salt solution. Observe 
the yeast- cells or toridee, some of them budding. Sketch two or three. 

Now mix a little of the yeast and salt solution with a fresh drop of newt’s 
blood, oiling the edge of the cover-glass as before. Endeavour to observe the 
inception of torulfiB by the white corpuscles. Sketch one or two corpuscles 
containing tonilae. 

Milk-^obules or particles of carbon or of vermilion may also be used for 
this experiment, but the process of inception is most readily observed with 
the yeast particles. 

4. At the commencement of the lesson collect a drop of newt’s blood into 
a fine capillary tube, seal the ends of the tube, and mount it in a drop of oil 
of doves. Towards the end of the lesson examine it again to see white cor- 
puscles emigrating from the shrunken clot (see fig. 16). 
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la 

Tbd phenomemt which are exhibited by the protqdam of 

theeokmrleiss blood-corpuscles consiet, in the first place, of spontaneous 
changes of form, which when active may also produce changes in place 
or actual locomotion (migration) of the corpuscle ; and, secondly, of a 
tendency which it presents to enwrap and take into its substance 
foreign particles with which it may come in contact, and particles thus 
incepted may then be conveyed by the corpuscle in its locomotory 
changes from one plac%to another. . * 

It is probable that particles of organic matter which are taken up 
by the pale corpuscles may undergo some slow process of intracellular 
digestion within their protoplasm* 

The processes of the granular corpuscles are generally quite clear 
at first, and the granules afterwards flow into them. 

The migration of the colourless corpuscles from the blood-vessels 
into the 6ui*rounding tissue, or from a blood-clot into the surrounding 
serum (fig* 16), is owing to these amoeboid properties. 

The conditions which are most favourable to this amoeboid activity 
of the white corpuscles are (1) the natural slightly alkaline medium, 
such as plasma, serum, or lymph, or, failing these, normal saline 
solution ; (2) the prevention of desiccation. Any increase of density 
of the meium produces a diminution of amoeboid activity, whilst, on 
the other hand, a slight decrease in its density has the opposite effect ; 
(8) a certain temperature, Li warm-blooded animall |ie phenomena 
cease below about 10® C. When gradually warmed they become more 
and more active up to a certain point, the maximum being a few 
degrees above the natural temperature of the blood* Above this point 
they become spheroidal and their protoplasm is coagulated and killed. 
Acids at once kill the corpuscles and stop the movements. Narcotic 
gases and vapours, such as carbonic acid gas or chloroform vapour, 
also arrest the movement, but it recommences after a time if their 
action is discontinued. 
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LESSON VI. 

• EPITHELIUM. • 

1. Mount a drop of saliva and examine first with a low, afterwards with the 
high power. Observe the nucleated epithelium- cells, some single, and others 
stul a^ering together by overlapping edges. Measure three or four, and also 
their nuclei. Sketch one or two on the fiat and one edgeways. Notice the 
salivary corpuscles, which are like white blood-corpuscles swollen out by 
imbibition of water. 

2. Put a small shred of human epidermis into a drop of strong caustic 
potash solution for one or two minutes. Then break it up in water with 
needles, cover and examine. Observe the now isolated swollen cells. 
Measure some. 

8. Study the arrangement of the cells in a section through some stratified 
epithelium, such as that of the mouth, skin, or cornea. The section may be 
prepared beforehand by the demonstrator ; it should be mounted in Cana.da 
balsam.^ Notice the changes in shape of the cells as they are traced towards 
the free surface. Measure the thickness of the epithelium, Ooimt the 
number of layers of cells. 

4. Study the minute structure of epithelium- cells and their nuclei, both 
at rest and dividing, in the tail of the salamander-tadpole.® This preparation 
may also advantageously be prepared beforehand by the demonstrator. 

[The preparation is made as follows : The tail is placed in chromic acid 
solution (0*1 per cent.) for three days, then thoroughly washed for some hours 
in water to remove the excess of the acid, then placed in dilute haematoxylin 
solution for twenty-four hours, or in 1 j). c. safranin solution for a similar 
time. After having been again rinsed m water it is rapidly dehydrated 
in absolute alcohol, then transferred to spirits of turpentine, and finally 
motmted in Canada balsam.] 

Sketch an epithelium- cell with resting nucleus, and others with nuclei in 
different phases of karyomitosis. 


An Epithelium is a tissue composed entirely of cells separated by a 
very small amount of intercellular substance (cement substance), and 
generally arranged so as to form a membrane covering either an ex- 
ternal or an internal free surface. 

The structure of epithelium-oeUs, and the changes which they 
undergo in cell-division, are best seen in the epidermis of the tail of 
the salamander-tadpole, in which the cells and nuclei are much larger 
than in mammals. 

* The methods of preparing sections are given in the Appendix. 

* If these tadpoles are not obtainable, the structure may be studied in the 
^idermis of the newt^ prepared as recommended in Lesson v IL § 1 for the study 
of columnar epithelium, and also in sections stained with haematoxylin. 
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of tho oalli— Each cell consiets of protoplam 
0 maiem. The protoplasm may be either clear or granular, or it may 
Aat^e 0 reticulated appearance. In some kinds of epithelium Jt is 
etr^tedl The nucleus is a round or oval vesicle lying in the pnoto- 
fiasm Usually there is only one, but there may be two or more in a 
cell. In the resting condition {Le, when not undergoing division) the 
nucleus is composed of a membrane enclosing a clear substance, which 
is traversed by a network of filaments (fig. 17, a). There may be one 


m 
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FlO, 17 .— EriTJIELtUM-CKLLS OF SAt^AMANOSH LARVA IN DIFFERENT PHASES 

OF DIVISION. 


or more globular enlargements {nucleoli) on this network. The nucleus 
is stained more easily by dyes than the protoplasm ; this staining 
affects chiefly the nucleoli, nuclear filaments, and membrane. 

lKYi8io]i of the cells. — The division of , a cell is preceded by the 
diyiaicm of its nucleus. This, in dividing, passes through a series <rf 
remarkable changes (fig. 17), which may thus be briefly summarii^:’— 
,1* The network of filaments of the resting nucleus become trans* 




EPITHELIUM 


n 


formed into a sort of skem, formed apparently of one long convoluted 
filament; the nuclear membrane and the nucleoli disappear or are 
merged into the skein (fig. 17, 6, c, d). 

8, The skein becomes arranged in the form of a rosette^ the fila- 
ments loopmg in and out, to and from the centre (e), 

B. The outer loops of the rosette separate, so that the filament 
breaks into a number of V-shaped fibres arranged like a star (aster^ 

4. The V-shaped fibres separate into two groups, the ends of which 

for a time are interlocked (?, h), 

5. The two groups pass to the opposite poles of the now elongated 
nucleus and form a star-shaped figure (Z) at each pole (dyastei)^ Each 
of the stars represents a daughter nucleus. 

6. 7, 8. Each star of the dyaster goes through the same changes as 
the original nucleus, but in the reverse order — viz. rosette (w), skein 
(n), and network {Ot p, q); passing finally into the condition of a typi- 
cal resting nucleus. The protoplasm of the cell divides soon after the 
formation of the dyaster (m). Sometimes fine lines may be seen in 
the protoplasm, during the process of division, radiating from the poles 
of the nucleus, and others uniting the two daughter nuclei. 

Classification of epithelia. — Epithelia are classified according to 
the shape and arrangement of the component cells. Thus we speak 
of scaly or pavement j cub leal ^ columnar, polyhedral, and spheroidal 
epithelium. All these are simple epitheha, with the cells only one 
layer deep. If forming several superposed layers, the epithelium is 
said to be stratified, and then the shape of the cells differs in the dif- 
ferent layers. Where there are only three or four layers in a stratified 
epithelium, it is termed transitwnaL 

Stratified Epithelium covers the anterior surface of the cornea, 
lines the mouth, pharynx (lower part), and gullet, and forms the epi- 
dermis which covers the skin. In the female it lines the vagina and 



Fig, IS.— Seci ION or the steatified epaTHklium covering the front of 

THE COItNBA OF llIK EYE. 

iQweimofft oolimmor cells ; p, polyg^onal cells above thebe , fattened cells near the surface. 

part d the uterus. The cells nearest the surface are always flattened 
said seale-like (fig. 18, fl ; fig. 19), whereas the deeper cells are more 
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lOOJiddd or polyhedral^ and those of the deepest layer generally some-* 
what oolumnar in shape (fig. 18, c). Moreover, the deeper cells are 
soft and protoplasmic, and are separated from one another by a system 
of intercellnlar channels, which are bridged across by numerous pro- 
cesses passing from cell to cell. 

The deeper cells multiply by division, the newly formed cells tending 
as they enlarge to push those external to them nearer to the surface, 
from which they are gventually thrown off. As they approach the 
sur&ce they become hard and homy, and in the case of the epidermis 
lose entirely their cellular appearance, which can, however, be in a 
measure restored by the action of potash (§ 2). The cast-off super- 
ficial cells of the stratified epithelium of the mouth, which are seen in 
abundance in the saliva (§ 1), are less altered, and the remains of a 
nucleus is still visible in them. 



Fig, 20 — Pavbmknt-epithelium prom 
A sERoi s MEMBRANE, (Magnified 410 
diameters.) 

<tt cell ; b, nucleus ; e, nucleoli. 

Simple scaly or pavement epithelium is found in the saccules of 
the lungs, in those of the mammary gland when inactive, in the kidney 
(in the tubes of Henle), and also lining the cavities of serous mem- 
branes (fig. 20), and the heart, blood-vessels, and lymphatics. When 
occurring on internal surfrces, such as those of the serous membranes, 
blood-vessels, and lymphatics, it is often spoken of as endothelium. 

Polyhedral or spheroidal epithelium is characteristic of many 
secreting glands ; columnar and ciliated epithelium are for the most 
part found covering the inner sur&ce of mucous membranes, which 
are membranes lining passages in communication with the exterior, 
such as the alimentary canal and the respiratory and generative 

The detailed study of most of these may be reserved until the 
organs in which they occur are respectively dealt with. 

The hmrs and nails and tlie enamel of the teeth are modified 
epithelial tissues. 


Fig. 19.— Epitiietilm-scales from the 
INSIDE or JHK MouiH. (Magnified 260 
diameters.) 
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LESSON VII. 

COLUMNAR AND CILIATED EPITHELIUM, AND 
TRANSITIONAL EPITHELIUM. 

1. Take a piece of rabbit’s intestine which has been two days in chromic 
acid solution (1 part chromio acid to 2,000 normal salt solution). Scrape the 
inner surface with a scalpel, breah up the scrapings in a drop of water on a 
slide. Add a small piece of hair to avoid crushing, and cover the preparation* 
Sketch one or two columnar cells and also a row of cells* Measure two or 
three cells and their nuclei. 

To keep this preparation, add a drop of dilute hffimatoxylin (1 drop of the 
ordinary solution to half a watoh-glass-ful of distilled water) at one edge of the 
cover-glass. When the heematoxylin has passed in and has stained the cell- 
nuclei, place a drop of glycerine at the same edge, and allow it slowly to diffuse 
under the cover -glass. Cement this another day*^ 

2. Break up in glycerine a shred of epithelium h:om a piece of frog's 
intestine that has been treated with osmic acid, and has subsei^uently 
macerated in water for a few days. The cells easily separate on tapping the 
cover-glass. They are larger than those of the rabbit and exhibit certain 
points of structure better. Measure and sketch one or two cells. 

The cover-glass may be at once fixed by gold size. 

8. Prepare the ciliated epithelium from a trachea that has been in 
bichromate of potash solution ( J per cent.) for two days, in the same way as in 
§ 1. Measure in one or two of the cells (a) the length of the cell, (b) the 
length of the cilia, (c) the size of the nucleus. Sketch two or three ceUs. 

This preparation is to be stained and preserved as in § 1. 

4. Make a similar teased preparation of the epithelium of the urinary 
bladder. Observe the large flat superficial cells, and the pear-shaped cells 
of the second layer. Measiure and sketch one or two of each kind. 

Stain and preserve as in §§ 1 and 8. 


Columnar epithelium.— The cells of a columnar epithelium (fig. 21) 
are prismatic columns, which are set closely side by side, so that when 
seen from the surface a mosaic appearance is produced. They often 
taper somewhat towards their attached end, which is generally trun- 
cated, and set upon a basement membrane. Their free surface is 
entered by a thick striated border (fig. 22, sir), which may some- 
times become detached in teased preparations. The protoplasm of 
the cdl is highly vacuolated or reticular, and fine longitudinal strim 
may be seen in it, which appear continuous with the stria of the 

* Gentian-violet Bolution (see Appendix) may be employed instead of hssma- 
toxylin. 
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i^ee bolder. The nucleus (n) is oval and retieular. The Uttend 
hordes of the cells are often soraenrhat irregular or jtiggod, ike 
result of the pressure of amoeboid lymph-cells, which are generally 
found between the colmnuar cells, at least in the intestine. After a 



Fig. 21 . — A now of (<>IIAIN\1» (IITS IIIOAI THI l^TFSTINE OF IHls, RABBIT. 
Smallci cells art seen bttt\eeu the tj itliehum (ellu probably of the nature of white blood or lymph 

corpii'sclts 

meal containing much fat the cells may bo filled with fat-globules, 
which become btained black m the osmio pieparation. 

Some of the columnar cells oontam mucigen, which may greatly 
distend the pait of the cell ueartst tlie stiiated border. When the 



Fig. 22 — CoI UMIsAR l PIlUFLItTM-Cl LIS OI IUE RABlUl’b INIFSTINF. 

The cellb hare been isolated after mac cratjon in very w tfUc chromic acid The cells are much 
vacuolatecl, and one of them has a fat-Kobule near its attinUed end, the fetriated 
border (str) vtell seen, and the bnght ch'^k M»parating it from the celUpiotoplasm , 
«, nucha's Mith intranuclear network o, a tluimedout wing ike projection of the cell 
uhich prolmbl} fitted between t\\o adjacent cells 


mucigen is extruded as mucus, this border is thrown oflf, and the cell 
takes the form of an open cup or chalice {gohlet-cell, fig. 28). 

Columnar epithebum-cells are found hmng the whole of the interior 
tH the stomach and intestines : they are also present in the ducts of 
most glands, and sometimes also m their secreting saccules. The epi- 
thelium which covers the ovary also has a modified columnar shape, 
but cells having all the structural peculiarities indicated above are 
lound only in the alimentary canal and in its diverticula* 

epitheUmu.— The cells of a ciliated epithelium are also 
usually columnar in shape (fig. 24), but in place of the striated border 
the 0 ^ is surmounted by a bunch of fine tapering filaments ’ 


COtOM^^AB, CIWATE0, AN0 TBAJ^SmONAL EBITflEtlUM 2S 

during life* wve ^ipontaiieouflly to and fro, and serve to produce a 
current of fluid over the surface which they cover. 

The oilia are to be regarded as active prolongations of the cell- 
protoplasm. The border upon which they are set is bright, and 
appears formed of little juxtaposed knobs, to each of which a cilium is 
attached. In the large ciliated cells wlucL line the alimentary canal 
of some molluscs (fig. 25) the knob may be observed to be prolonged 
ii^o the protoplasm of the cell as a fine varicose filament, termed the 
rootlet of the cilium. These filaments may re^esent the longitudmal 
stnsB often seen in the protoplasm of the columnar cell, the bunch of 
cilia being homologous with the striated border. The protoplasm and 
nucleus have a similar vacuolated or reticular structure in both kinds 
of cell. Goblet cells may also occur in ciliated epithelia. 
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l IG 25.— Cll TATFD CKI I . 
FROM TllK IMESflNii. 
OS A MOLLLSt. 


Tig. 24— CoiiUMNAii ciii- 

4rilrl> RPiTX{Ei.LlLM*C&LLS 


Ciliated epithelium is found throughout the whole extent of the 
air-passages and their prolongations (but not the part of the nostrils 
supplied by the olfactory neives, nor in the lower part of the pharynx) ; 
in the Fallopian tubes and the greater part of the uterus ; in some of 
the eftarent ducts of the testicle (where the cilia are much longer than 
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in the body) ; in the ventricles of the brain, and the oeahral 
eaiMd od the spinal cord ; and in the convoluted tubule of the Iddney. 

l!nuilitioBal epitheUnm is a stratified epi&elium consisting of 
only two or three layers of cells. It occurs m the urinary bla^r, 
the ureter, and the pelvis of the Mdney. The superficial cells (fig. 
28, a) are large and flattened ; they often have two nuclei. On tWr 



Fig 26— Lpithkwat cfiis prom ihf blai>dsb of the EABiur (Magnified 

500 diameters ) 

(t, large flattened cell from tbe Bnprficial layer with two nnolei and vith B|k fay marked 
ridges and intervening depressions on its under surface , b pear-shaped jfihe second 
la> er adapted to a depression on one of the superflcial cells 


under surface they exhibit depressions, into which fit the larger ends 
of pynfonn cells, which form the next layer (fig. 26, 6). Between 
the tapered ends of the pyiiform cells one or two layers of smaller 
polyhedral cells are found. 
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LESSON VIIL 

STUDY OF CILIA IN ACTION, 

1. Mount in sea-water one or two bars of the gill of the marine muss 
(fig. 27). Study the acstion of the large cilia. Now place the preparatic 
upon the copper warm stage (see Lesson V.) and observe the effect of raisii 
the temperature. 



Fig. 27.— Valve of mussel (mytilus edulis) sHo'wnNG br, ir, the expanded 

GILLS OR BRANCHI/E, WHICH, OWING TO THE LITTLE BARS OF WHICH THEY 

ARE COMPOSED, PRESENT A STRIATED ASPECT. 
ml, mantle ; m, out adductor muscle ; i, mass of fiscera ; the dark projection just above is the foot, 

Keep this preparation until the end of the lesson, by ,whioh time many ol 
t]^ cilia will have become languid. When this is the case pass a drop ol 
dilute potash solution (1 part KHO to 1,000 of sea-water) under the cover-glass 
and observe the effect. 

2. Cement with sealing-wax a piece of small glass tubing to a slide so that 



Fig. 28.— Moist chamber adapted for passing a gas or vai*odr to a 

PREPARATION UNDER THE MICROSCOPE. 

cmo end of the tube com^ nearly to ttie centre of the slide. thk put a 
idng at putty oft modeling wax half indi in diameter so as to delude 
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the tulxB, and make a deep notch in the ring opposite the tube* Flaoe 
a small drop of water within the img (fig. 28). 

Put a bar firom the gill upon a cover-glass m the least possible quantity of 
saa-water ; invert the cover-glass over the putty rmg, and press it gently 
down. The preparation hangs in a moiat mamber within which it can be 
studied through the cover -glass, and mto which gases or vapours can be passed 
and their effects observed. 

Pass 00^ through the chamber, and after observmg the effect replace it by 
air (see fig. 29), Kepeat with chloroform vapour ms^ad of CO^. 

• 


The Movement of Cilia.—When in motion a cilium is bent quickly 
over in one direction with a laslimg whip-hke movement, immediately 
tecovering itself. When vigorous the action is so rapid, and the 
rhythm so frequent, that it is impossible to follow the motion with the 
eye. All the cilia upon a ciliated surface are not in action at the same 



Fig. 29.— Mkiiioi) oi suhjfcii>g a prlpauaiion lo a sirlam of carbonic 

AXinUUlDli. 

b, bottle containing marble and IndruchloiK add b' ^asli bottle, connected by indiarubber 
tube, with Ww moi-st chamber, i 

instant, but the movement travels in waves over the surfeMJe. If a cell 
is detached from the general surface, its cilia continue to act for a 
while, but at once cease if they are detached from the cell. 

The rhythm is slowed by cold, quickened by warmth, but heat 
beyond a certain pomt kills the cells. The movement will continue 
for gome time in water deprived of oxygen. Both CO^ gas and chbro- 
form vapour arrest the action, but it recommences on restoring air* 
Dilute alkaline solutions quicken the activity of cilia, or may even 
jpastore it shortly after it has ceased. 



LESSON IX. 

TBE CONNECTIVE TlSSms. 


AREOLAR AND ADIPOSE TISSUE. 

1. Take a little of the subcutaneous tissue or of the intermuscular connective 
tissue of a rabbit or guinea-i)ig and spread it out with needles on a dry shde 
into a large thin film. Keep the centre moist by occasionally breathing on 
it, but allow the edges to dry to the slide. Before commencing put a drop 
of salt solution on a cover-glass, and no'w invert this over the film. Ex- 
amine with a high power. Sketch one or two bundles of white fibres and 
also one or two elastic fibres, distinguisliable from the former by their 
sharp outline, isolated course, and by their branching. Sketch also one or 
more connective-tissue corpusv'des, if any such are visible in the clear inter- 
spaces. Look also for migratory cells (lymph-corpuscles). Next carefully 
remove the cover-glass and replace the salt solution by dilute acetic aci<L 
Watch its effect in swelling the white fibres and bringing more clearly into 
view the elastic fibres and corpuscles. Look for constricted bundles of white 
fibres. 

2. Make another film in the same way, but moimt in dilute magenta 
solution ’ instead of saline solution. The elastic fibres are deeply stained by 
the dye ; the colls are also well shown. When the staining is completed pass 
dilute glycerine under the cover-glass and cement this at once with gold 
size. 

8. Prepare another film of the subcutaneous tissue, including a little 
adipose tissue. Mount in glycerine and water, coloured by magenta, with a 
piece of hair under the cover-glass to keep this from pressing unduly upon the 
fat-cells. Cement at once with gold size. Examine first with a low and after- 
wards with a high power. The nucleus and envelope of the fat-cell are well 
brought out by the magenta, and if from a young animal, fat- cells will be 
found in process of formation. Measure and sketch two or three of the cells. 

4. Spread out another large film of connective tissue, letting its edges dry 
to the slide. Place on its centre a large drop of nitrate of silver solution 
(1 per cent.). After ton minutes wash this away with distilled water, mount 
in Parrant b and expose to the sunlight until stained brown. Sketch the out- 
lines of two or three of the cell-spaces. 


The connective tissues include arcoZar tissue, adipose tissue, elastic 
fibrous tissue, retiform and lymphoid tissue, cartilage and bom* 
All these tissues agree in certain microscopical and chemical charac^ 
lefts. They, for the most part, have a large amount of intereellul^ 
Ehhstanoe in which fibres are developed, and these fibres are of twq 
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lEmd$^wliite mi yellow or elastic. Moreoyer, there are many polats 
of similarity between the cells which occur in these several tissues ; 
they are also developed from the same embryonic formation, and they 
tend to pass imperceptibly the one into the other. Besides this, 
their use is everywhere similar; they serve to connect and support 
the other tissues, performing thus a passive mechanical function. 
They may therefore be grouped together, altiiough differing consider- 
ably in external chaijcters. Of these connective tissues, however, 
there are three which are so intimately allied as to be naturally con- 
sidered together, being composed of exactly the same elements, although 
differing in the relative development of those elements ; these are the 
areolar, elastic, and fibrous tissues (adipose tissue may be looked upon 
as a special modification of areolar tissue). Areolar tissue being the 
commonest and, in one sense, the most typical, its structure may be 
considered first. 

Areolar tissue. — The areolar tissue presents to the naked eye an 
appearance of fine transparent threads and lamin© which intercross in 
every direction with one another, leaving intercommunicating meshes, 
or areolffi, between them. When examined with the microscope, these 
threads and fibres are seen to be pnncipally made up of wavy bundles 
of exquisitely fine transparent fibres (luJmte fibres, fig. 80 ). The bun- 
dles run m different directions, and may branch and intercommuni- 
cate with one another ; but the individual fibres, althdb Jk they pass 
from one bundle to another, never branch or join other fibres. The 



Fig. so.— Bundles oi the ^hiib of 

AKfEOLilK TI6BUIC VARILY LMm ELLVD. 

fibres are cemented together into the bundles by a clear substaitioe 
containing mucin, and the same clear material forms also the basis or 
^tound^substanoe of the tissue, in which the bundles themselves course, 
and in which also the corpuscles of the tissue lie embedded. This 
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grQimd*^8ut)iitaiice between the bundles can with difficulty be seen in 
the fresh tissue on account of its extreme transparency ; but it can be 
brought to view by staining with nitrate of silver, as in § 4. The whole 
of the tissue is thereby stained of a brown colour, with the exception of 
the spaces which are occupied by the corpuscles {cell-spaces^ fig. 81 )« 
Besides the white fibres of connective tissue here described, fibres 
of a different kind (fig. 82) may be made out in the preparations ; 




lie 

A. Blastic fibres of areolar tiShue From the subcutaneous tij»hue 
of therabbit B (from TolAt) A bundle B\^ollen by acetic 
acid. From the eubarachnoid tissue at tiie base of the brain 

these are the elastic fibres. They are especially 
well seen after treatment with acetic acid, and 
after staining with magenta ; but they can be de- 
tected also in the fresh preparation. They are 
characterised by their distinct outline, their straight 
course, the fact that they never run in bmidles, but 
singly, and that they branch and join neighbouring fibres. If broken 
by the needles in making the preparation, the elastic recoil causes 
them to curl up, especially near the broken ends. Besides the 
microscopical difieronces, the two kinds of fibres differ also in their 
chemical characters. Thus the white fibres are dissolved by boiling in 
water, and yield gelatin ; whereas the substance of which the elastic 
fibres are composed {elastin) resists for a long time the action of boil- 
ing water. Moreover, the white fibres swell and become indistinct 
under the action of acetic acid ; the elastic fibres are unaltered by this 
reagent. 

The bundles of white fibres which have been swollen out by acid 
sometimes exhibit curious constrictions (fig. 82). These are due either 
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to ebM^ fibres coiling round tbe white bundles, or to cell processes 
entiling them, or to an investment or sheath which remains un- 
broken at certain parts, and thus prevents the swelling up of the 
bundle at these places. 

The cells of areolar tissue are generally flattened and more or less 
branched (fig. 88), but may be of an elongated form. They usually con- 




FIG. 83. — Two FLATTENED AND BRANCHED CONNFXTIVK-TI.SSUE CORPrSCLE9 
FROM THE SUBCITTANKOUS AREOLAR TISSl^E. 

Opposite I a secondary lamella, projectiag towarrls the obseiTer, Is seen in optical 
section as a daric line. 


tain a single large oval nucleus having the usual structure of cell-nuclei. 
Their protoplasm is generally much vacuolated, and it may also contain 
granules. In the middle coat of the eye the connective-tissue cells are 



I'm. 84. — Ramified coNNECTivK-TisauK 

CORI*ck>l.E», FROM ARTIOOLAK SYNOVIAL 
MKMBftAItE OF OX. 


filled with granu]| 4f pigment. 

The cells lie in ^aces in the 
ground-substance between the 
bundles of white fibres. In some 
parts of the connective tissue the 
white bundles are developed to 
such an extent as to pervade 
almost the whole of the ground- 
substance, and then the con- 
nective-tissue corpuscles become 
squeezed into the interstices, 
flattened lamellar expansions of 
the cells extending between the 
bundles, as in tendon (see next 
Lesson j . The cells are frequently 
joined either into a network by 
branching processes (fig. 84), or 
edge to edge, like the cells of an 
epithelium (fig. 35); in either 
case the cell-spaces are also con- 
joined equally intimately. 

Besides the flattened, branched, 


and clopgated connective-tissue coipusoleS, others are met with w5^ch 


like very large lymph-corpuscles in appearance, and ate filled 
46slinct granules, which are stained deeply by aniline dyes. 

very common “in the neighbourhood of blood-tessela, 



ABEOLAE TISSUE 



FiO 3^ — EriTiiFLioiD Cl iLs ofr (ON\r< nssui , fhom thi si i pv< r of 
AN APONUJltOSTS AFTPP. lUKAlMLNi WITH NIIKAIL Oh 8JI\Fll. ( lllC (Cll- 

nuclei are not shown.) 



FlO. 36. — A »FW (ELLfe FltOM IHt MAROlN Oh A 1 AT-LORUI F. 

/ g fat^lobule dwtending a fat-cell « n, nucleus , ui, membranous envelope of the fat oell , 
eft bunch of crystals within a fat cell c, capillary Fesscl , f>, venule, c^, oonnectlve- 
tisstie oell , the fibres of the connective tissue are not represented 

eiallj where fat is becoming developed (see fig. 87) ; they exhibit slight 
indications of amoeboid movement, and are known as the plasma-celh. 
Migratory or lymph-cells may also bo seeivhere and there in the tissue. 
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The branched cells and cell-spaces of areolar tissue come into 
intimate relation with the cells lining the lymphatic vessels and small 
blood-vessels* This connection can best be seen in silvered prepara- 
tions ; it will be again referred to in speaking of the origin of the 
lymphatics. 

Adipose tissue consists of vesicles filled with fat (fig. 86), and col- 
lected into lobules or into tracts which accompany the small blood- 
vessels. The vesicles round or oval in shape, except where closely 
packed, when they become polyhedral from mutual compression. The 
fat-drop is contained within a delicate protoplasmic envelope (fig. 86, 
m) which is thickened at one part, and here includes an oval flattened 
nucleus. The vesicles are supported partly by filaments of areolar 
tissue, but chiefly by a fine network of capillary blood-vessels. 

The fat when first formed is deposited within plasma-cells of areolar 
tissue (fig. 87). It is at first in separate droplets within each cell, but 



Fl(.. 37 .— DlI'OSI I OF FAT IN CONNtCnVL-TJssrK ( LLLS. 

/, a cell with a few isolated fat-droplets iti its protoplaMn ; a cell with a single large and 
several minute drojis; fusion of two large droris; g, granular or plasma cell, not 
yet exhibiting an j fat-dcpoaition ; c flat connectiyo-tibsuc corpuscle ; c, c, network of 
oapitlaries. 

as these droplets increase in size they run together into a larger drop, 
which gradually fills the cell more and more, swelling it out so that 
the cell-protoplasm eventually appears merely as the envelope of the 
fat-vesicle. 

Fat is found most abundantly in subcutaneous areolar tissue, and 
under the serous membranes ; especially in some parts, as at the back 
of the peritoneum around the kidneys, under the epicardium, and in 
the mesentery and omentum. The marrow of the long bones is also 
principally composed of fat. 
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LESSON X. 

THE CONNECTIVE TISSUES (continued). 

ELASTIC TISSUE, FIBROUS TISSUE, SPECIAL VARIETIES, DEVELOPMENT 
OF CONNECTIVE TISSUE, 

1. Tease out as finely as possible a small shred of elastic tissue (ligamentum 
nuchse of the ox or ligamenta subflava of man) in Farrant’s solution ^ and 
cover the preparation. Note the large well-defined fibres constantly branching 
and uniting with one another. Look for transverse markings on the fibres. 
Measure three or four. Sketch a small part of the network. Note the 
existence of bimdles of white fibres amongst the elastic fibres. 

2. Mount in Farrant a thin transverse section of ligamentum nuchas 
which has been hardened in 2 per cent, solution of bicluomate of potash. 
Observe the grouping of the fibres and their angular shape. Sketch one or 
two groups. 

8. Pinch off the end of the tail of a dead mouse or rat, draw out the long 
silk-like tendons and put them into saline solution. Take two of the longest 
threads and stretch them along a slide, letting the ends dry firmly to the slide 
but keeping the middle part moist. Put a piece of hair between them and 
cover in saline solution. Observe with a high i)ower the fine wavy fibrillation 
of the tendon. Draw. Now run dilute acetic acid under the cover-glass, 
watch the tendons where they are becoming swollen by the acetic acid. 
Notice the oblong nucleated cells coming into view between the tendon 
bundles. Sketch three or four cells in a row. Lastly, lift the cover-glass, 
wash away the acid with distilled water, place a drop of haBmatoxylin solution 
on the tendons, and leave the preparation for fifteen mmutes or more ; then 
wash away the logwood and mount the preparation in acidulated glycerine. 
Cement the cover-glass with gold size. 

4. Immerse one or two other pieces of tendon in nitrate of silver solution 
(1 per cent.) for ten minutes, then wash them in distilled water, stretch 
them upon a slide, mount in Farrant, and expose to the sunlight. 

6. Stain with magenta solution ' a thin section of a tendon which has 
been hardened in alcohol. Mount in dilute glycerine and cement the cover- 
glass at once. Sketch a portion of tho section under a low power. 


Elastic tissue is a variety of connective tissue in which the elastic 
fibres preponderate. It is found most characteristically in the liga- 
mentum nuchsB of quadrupeds and the ligamenta subflava of the 
vertebraj, but the connective tissue of other parts may also have a con- 

* Bee Appendix. 

L 2 
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Bidersbble development of elastic fibres. It occurs also in an almost 
pure form in the walls of the air4ubes, and uniting the cartilages of 
the larynx. It also enters largely into the formation of the walls of 
the blood-vessels, especially the arteries. 

In the ligamentum nuch© the fibres are very large and angular 
(fig. S8) ; they often exhibit cross-markings or even transverse clefts. 
When dragged asunder, they break sharply across ; they constantly 
branch and unite, so as to form a close network. In transverse 
section they are seen to be separated into small groups (fig. 89) by 
intervening white bmidles of connective tissue. 




FlCr. no — C k<>S«;-SK TION t>I TLASTIC 
inmis FUOM THfc LIGAMEMUM 
M < II r OK I UK OX. 


Fig. 38 — Ei a«*i ic i iitKFs i kom uik iioa- 

MKNTIM NKIIAi. 0» IHF OX, SII01\ING 
TKAXSVFfvSF MAKKINGS OX THE IIBKLS. 


Elastic tissue does not always take the form of fibres, but may 
occur as membranes (as in the blood-vessels). Sometimes the fibres 
are very small, but their microscopical and chemical characters are 
always very well marked (see p, 81). 

Fibrous tissue is almost wholly made up of bundles of white fibres 
running in a determinate direction. These again are collected into 
larger bundles, which give the fibrous appearance to the tissue. The 
bundles are constantly uniting with one another in their course, although 
their component fibres remain perfectly distinct. 

The interspaces between the larger bundles are occupied by areolar 
tissue (fig. 40) in which the blood-vessels and lymphatics of the fibrous 
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fr, areolar sheatli of the tendon, 'with the fibrts for tlu most part rnnnnif? transvorst]> but 
•with two or thice lonjritudmal I undlts h I IsmphatK clclt m tlit sheath in lutdiately 
over it a blood vessel is v.etii cut across and cii tin othei side of the flgiirt a mall arterj, 
IS bhown cut longitudinally r, large toptum of areolar tissue d t-malUi septum, ( still 
smaller septum The irregularly stellate bodies are the tendon e< 11s m beetmii 



Fig. 4]<— Ijnhon of moisk’s taii, htainfd wirH logwood, SHOWI^G chains 
OF ciiLS bfiwijfn rin jendoh-bundlls (176 diamtters ) 



Fig. 42 — Transverse sechox op iendon of molsf’s tail, biaiked. 

(176 dinmeters) 

The flattened processes of the tendon-cells appear in section as lines, firequcntly coming o« at 
right angles from the bddy of the cell 
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tissue are conveyed. The interstices between the smallest bundles 
are occupied by rows of connective-tissue corpuscles (tendon-cells)^ 
which from being squeezed up between three or more bundles become 
flattened out in two or three directions. In transverse section the cells 
appear somewhat stellate (figs. 40, 42), but when seen on the flat 
they appear lamellar (fig. 41), and from this aspect their general shape 
IS square or oblong. They lie, as before said, in rows between the 
tendon-bundles, and tjje nuclei of adjacent cells are placed oppos^e 



Fig. 43.— Eight fius from hie same iendov as ueprfseniid hg. 41. 
(425 diameters ) 

The nuclei, >\ith their numerous! nucleoli, are oolouied by the logwood. The dark lines on 
the buifaoe of the cells art the optical sections of lamtUar e’ctenaions directed towards or 
away from the obseryer 


one another in pairs (fig. 48). The cell-spaces correspond in general 
figure and arrangement to the cells which occupy them (fig. 44). 



FlO. 44.— Cn.l.-SPA( KS OP TPVDON OF MOCSP’s TAIL, BKODLHT INTO ^ JKW BY 
TRKATMtVT wiiii MTRAm. 01 8IL\ER. (176 dwmetcrs.) 


Fibrous tissue forms the tendons and ligaments, and also certain 
membianes, such as the dura mater, the fibrous pericardium, thefascite 
of the limbs, the fibrous covering of certain organs, &c. It is found 
wherever great strength combined with flexibility is concerned. It 
receives a few blood-vessels, disposed longitudinally for the most part 
and contains many lymphatics. Tendons and ligaments also receive 
nerve-fibres, which, in some cases, end in smaU localised ramifications 
like the end-plates of muscle, while others terminate in end-bulbs or in 
simple Pacinian corpuscles. 

^taform or reticular tissue is a variety of connective tissue in 
which the intercellular or ground substance has mostly disappeared or 
IS replaced by fluid, very few or no fibres having been developed in it • 
and these, when present, are enwrapped by the cells. The tissue is 
composed almost entirely of the cells, which are ramified and united 


VARIKTIKS OF CONNECTIVE TISSUE 


36 


'with OD8 another into a network or sponge-work by their procesdes ; 
in some cases, the cell-nuclei have disappeared (as at h, fig. 46). 



Fig. 45. — Thin sfction from hie coriical i»aui of a limphatio gland, 

MAONIFIFD. 

A network of fine trabeculfo formtd by retiform tissue, from the mealies of whicli the 
liinjih-corpuscles have been washed out^ except at c, where. the> are kft. 


Lymphoid or adenoid tissue is retiform tissue in whicli the meshes 
of the network are largely occupied by lymph-corpuscles. This is by 
far the most common condition of a retiform tissue, and is met with in 
the lymphatic glands and allied structures (see Lesson XXII.), and also 
in the tissue of the alimentary mucous membrane, and in some other 
situations. 

Basement membranes (membranes propriae) are homogeneous-look- 
ing membranes, which are found forming the surface-layers of con- 
nective-tissue expansions in many parts, especially where there is a 
covering of epithelium, as on mucous membranes, in secreting glands, 
and elsewhere. They are generally formed of flattened connective- 
tissue cells jomed together to form a membrane ; but, in some cases, 
they are e^udently formed not of cells, but of condensed ground- 
substance, and in others they are of an elastic nature. 

Jelly-like connective tissue, although occurring largely in the em- 
bryo, is found only in one situation in the adult — viz. forming the 
vitreous humour of the eye. It seems to be composed entirely of soft 
ground-substance, with cells scattered here and there through it, and 
with very few fibres, or none at all. These several varieties of con- 
nective tissue will be more fully described in connection with the 
organs where they occur. 

Development of connective tissue. Connective tissue is always 
developed in the mesoblast or mesodenn of the embryo. In those 
parts of this layer which are to form connective tissue, the embryonic 
cells become separated from one another by a muco-albuminous semi- 
fluid intercellular substance (ground-substance), but the cells generally 
remain connected by their processes. The connective-tissue fibres, 
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botii 'white and elastic, are deposited in this ground-snbstanoe, the 
elastic substance usually m the form of granules (fig. 47, g), which 



Fl« 40 — JJLIYOI WlIiKlON 

/ r imifitd cells iiitcrcomHittnic atiiig by their br incht s 7 a row of I5 mph ( ells , 
/, fibres dovtlopmg in the ground ub twice 


subsequently become connected together into elastic fibres or laminsB, 
as the case may be, the white fibres appearing at first in the form of 
very fine bundles, which afterwards become gradually large * so that 
m fibrous tissue the whole ground-substance is eventually pervaded by 



jr, fibres being formed of rows of ‘elastin* grannleb , p, flat platelike expansion of 
elastic substance ionued by the fusiou of ^lastin * granules 


them, and the cells of the tissue become squeezed up into the intervals 
between them. Before any considerable development of fibres has 
taken place, the embryonic connective tissue has a jelly-hke appear- 
ance ; m this form it occurs in the umbilical cord, where it is known 
as thejcMy of Wha/rton (fig 46). 
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LESSON XI. 

ms CONNECTIVE TISSUES {^Untied). 

ARTICULAE CARTILAGE. 

1. Cut two or three very thin tangential plicee of the fresh cartilage of a joint, 
mount them in saline solution and examine with a high power. Observe care- 
fully the form and grouping of the cells. Look at the thin edge of the section 
for spaces from which the cells have dropped out. Measure two or three 
cells and their nuclei, and sketch one or two groups. Now replace the saline 
solution by water and set the preparation aside for a little while. On again 
examining it, many of the cartilage-cells will be found to have shrunk away 
from their containing capsules. 

2. Make other sections of the cartilage (1) from near the middle, (2) from 
near the edge. Mount in magenta solution, and when stained add dilute 
glycerine and cement the cover-glass. In (2) look for branched cartilage-cells. 
Draw one or two. 

8. Make vertical sections of articular cartilage from a bone which has 
been for several days in J per cent, chromic acid solution, and moimt the 
sections in Farrant. Sketch the arrangement of the cells in the different 
layers. 

4. Wash a fresh joint with distilled water ; drop 1 per cent, nitrate of 
silver solution over it; after ten minutes wash away the nitrate of silver 
and expose in water to the light. When browned, cut thin sections from 
the surface and mount in Farrant. The cells and cell-spaces show white in 
the brown ground-substance. Draw. 


Cartilage or gristle is a translucent bluish- white tissue, firm, and 
at the same time elastic, and for the most part found in connection 
with bones of the skeleton, most of which are in the embryo at first 
represented entirely by cartilage. Two cliief varieties of cartilage are 
distinguished. In the one, which is termed hyaline, the matrix or 
ground-substance is clear, and free from obvious fibres ; in the other, 
which is termed fibro-cartilage, the matrix is everywhere pervaded by 
connective-tissue fibres. When these are of the white variety, the 
tissue is white ‘fibro-cartilage ; when they are elastic fibres, it is yellow 
or elastic fibro-cartilage. 

Hyaline cartilage occurs principally in two situations — ^namely 
(1) covering the ends of the bones in the joints, where it is known as 
a/rticular ca/rtilage ; and (2) forming the rib-cartilages, where it is 
known as costal cartilage* It also forms the cartilages of the nose, the 
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external auditory meatus, the larynx, and the windpipe ; in these places 
it serves to maintain the shape and patency of the orifices and tubes. 

Artioular cartilage. The cells of articular cartilage are mostly 
scattered m groups of two or four throughout the matrix (fig. 48). 
The latter is free from fibres, except at the extreme edge of the 



Fio 40 — Ahticiiar cautiiagl ikgm hi* \i> ot mu vtaiisal bonp op m vn 

(OSMir A<1D IIUPAIAJJON) lllRlRll LNnilKI \ rill THP Sl‘A(liJ9 

iHP MAiHiA. (840 diameters ) 

a group of fc^o cellb 6, group of four ctlls h protoplasm of cell, with fattj granules , 

», nucleus 


cartilage, where the connective tissue fibres fiom the synovial mem- 
brane extend into it , and here also the cartilage-cells are often 
branched, and offer transitions to the branched connective-tissue cor- 
puscles of that membrane [tramiUonal cartilage, fig. 49). By long 
maceration, however, some observers have obtained evidence of a 
fibrous structure even in the matrix of true hyaline cartilage. The 
matrix immediately around the cartilage-cells is often marked off from 
the rest by a concentnc line or Imes, this part being known as the 
capsule of tlie cell. The cells are bluntly angular in form, the sides 
opposite to one another in the groups being generally flattened. The 
protoplasm is very clear, but it may contain droplets of fat ; and with 
a high power fine interlacing filaments and granules have been 
observed in it (fig. 50). During life the protoplasm entirely fills the 




Fig. 51 .—VBRiicAii section ov arucliar cvariTAOE cx>vi<king ihf lower 
END OF niE TIBIA, HUMAN (Magnified about 80 diameters ) 

«, cells and cell groups flattened conformably with the surface 6, cell groups irregularly 
arranged, c, cell groups dispose! perpendioularlj to the surface, d, layer of ualclfled 
cartilage , e, bone 


In vertical section (fig. 61 ) the deeper cell groups (c) are seen to be 
arranged vertically to the sur&ce, the more superficial ones (a) parallel 
to the surface , whilst in an intermediate zone the groups are irregu- 
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laxly disposed (6). In the deepest paxt of the caxtilage, next the hone, 
there is often a deposition of calcareous salts m the matnx [calcified 
cwrtilage, d). 

The disposition of the cells of cartilage in groups of two, four, and 
so on, IS apparently due to the fact that these groups have ongmated 
from the division of a single cell first into two, and these again into 
two, and so on (fig. 52) It would seem that the matnx is formed of 



Fif )1 — Pf AV OF nil Mil HI I K 41 ION Of Cl IIS OF (ARrn AGP 

A cell in its cap‘>ule b divided mto tTvo eath with a (apsult c ) ninary capsnlo disip 
peared, soconlary cipsues cfhcrent with matrix n ttrtiarv h vision l beconlaiy 
capsules disappeare 1, tertiary ( hertnt with matnx 



^IG 63 — Di\I9ION of a garth AGK-CKLl 

stages of dm<iion of a cell, as seen m the living cartilage of the salamander (the con 
nection of the nuclear filaments could not he ma<!e out in the fresli condition) a h stel 
late phase , c d commencing separation of the nuclear filaments , the further stages of 
separation are not represented e filaments fully separated into two groups a septum 
beginning to he formed between them /, septum completed seen to be double and con 
tinuous with capsules of daughter cells , p, h furtlier stages m the formation of the 
daughter nuclei 


successive portions, which are deposited aiound each cartilage cell as the 
so-called ‘ capsules, each newly formed portion soon blending m its turn 
with the previously formed matnx, whilst a new capsule is formed 
within it. The division of the cartilage ceU, hke that oi other cells, 
is accompanied by a process of karyomitosis. 
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LESSON XIL 

THE CONNECTIVE TISSUES (contimied) 

• COSTAL CARTILAGE. FIBRO CART’iLAGE. 

1. Make transierse and tangential sections of a rib cartilage, stain them with 
magenta, and mount m dilute glyceriiK. , cemontmg at once Sketch a part of 
a transverse section imder a low power and a cell group from one of the 
tangential sections under a high power Notice especially the arrangement 
of the cells, somewhat concentric neai the suifaoe but radial near the centre. 
The costal cartilages are often ossihed near the imddle 

2. Make sections of the cartilage of the external ear. Mount m dilute 
glycerme faintly coloured with magenta If from the ox, notice the ^ery 
large reticulating elastic fibies in the matrix Notice also the isolated 
granules of elastm, and aioimd the cartilage cells the area of clear ground 
substance. Draw a small poition of the section. 

3. Mount a section of the epiglottis in the same way Notice the closer 
network of much finer fibies 

4. Cut sections of white fibio cartil igc (intervertebral disk), and stain 
them with dilute magenta Mount in dilute glycerine Observe the wavy 
fibres m the matrix and the cartilage cells lying m cleai aieas often con 
centneaUy striated. Look tor blanched cartilage cells. Sketch thiee or four 
cells and the adjoining fibious matrix 


Costal cartilage — In the costal caitilages the matrix is not always 
so clear as in the matrix of the joints, for it often happens that fibres 



It 


Fig 64.— Sfcjton or bib-carutaoe, shoeing i\io cfilgroiis in a 

SOML’W HAl 1 IBROI S LOOKING M A IRIX 

become developed in it. The cells are generally larger and more an- 
gular than those of articular cartilage, and collected mto larger groups 
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(fig. 54). Near the circumference, and under the perichondrium or 
fibrous covering of the cartilage, they are flattened and parallel to the 
surface, but in the deeper parts they have a more irregular or a radi- 
ated arrangement. They frequently contain fat. The cartilages of the 
larynx and windpipe and of the nose resemble on the whole the costal 
cartilages, but the study of them may be deferred until the organs 
where they occur are dealt with. 

Elastic or yellow fibro-cartilage occurs in only a few situations 
These are, the cartilage of the external ear and that of the Eustachian 
tube, the epiglottis and cartilages of Santorini of the larynx, and in 
some animals, the ox, the upper third of the arytenoids. The 
matrix is everywhere pervaded with well-defined branching fibres, 
which unite with one another to form a close network (fig. 65). These 


a 



a cartil tell in clear area , h frranular- 
Fig. 55 —Si ( 1 lov oi* nifc II Asm ( van- looking matrix near the TnidtUo of the carti- 
LAOB O'. THL I vii. (Highly magnilied ) the Br^uUr appcMranoe being flue 

o j j ])artlj to tlie fine reti< ulnni of elastic fibren, 

part1> to the pre‘*cnt(. of granules of elastic 
Mibfttancc in the matrix , c, clearer matnx 
ivith longer fibren. 

fibres resist the action of acetic acid, and are stained deeply by magenta ; 
they are evidently elastic fibres. In the ox they are very large, but 
smaller in man, especially in the cartilage of the epiglottis (fig, 66)- 
They appear to be developed by the deposition of granules of elastin 
in the matrix, which at first lie singly, but afterwards become joined to 
form the fibres. 

White fibro-cartilage is found wherever great strength combined 
with a certain amount of rigidity is required : thus we frequently find 
fibro-cartilage joining bones together, as in the case of the intervertebral 
disks and other symphyses, Fibro-cartilage is frequently employed to 
line grooves in which tendons run, and may also bo found in the tendons 
themselves. It is also employed to deepen cup-shaped articular sur- 
faces ; and in the case of the interarticular cartilages, such as those 
of the knee and lower jaw, to allow greater freedom of movement 
whilst diminishing the liability to dislocatiozu Under the microscope 
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white fibro-cartdage looks very like fibrous tissue, but its cells are car- 
tilage-, not tendon-, cells (fig. 67). They are rounded or bluntly angular 



Fig "T—VViiirF hbi%o cvnrii age from an iNTUtVhRrFBRAT dwk, m man. 
(Highly magnified ) 

Thp concentric line'* around the colh indicate tlie limits of deposit of successive capsules 
One of the cells has a forked process which extends beyond the hyaline area surrounding 
the tell, amongst the tibies of the genera’ matrix 


and surrounded by a concentrically striated area of clear cartilage- 
matrix. In some parts of the intervertebral disk many of the cells are 
branched, and may be looked upon as transitional forms to connective- 
tissue corpuscles. 
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LESSON XIII. 

• BONE AND MARBOW. 

1. In thin sections of hard bone made by grinding, observe the Haversian 
canals, lamellee, lacunsB, caualiculi, &o. Make a sketch hrst imder a low and 
afterwards under a high power. 

2. With fine forceps strip off a thin shred from a bone which has been 
decalcified in nitric acid and afterwards kept for some time in dilute alcohol. 
Mount the shred in water. Observe the fibrous structure of the lamellsB. 
Look for perforating fibres or the holes from which they have been dragged 
out. Sketch a small piece of the thin edge of a lamella. 

3. Stain with dilute magenta very thin sections of compact bone which 
has been decalcified in chromic or picric acid, and moimt in dilute glycerine, 
cementing at once. Look for fibres of Sharpey piercing the circumferential 
lamellae. The elastic perforating fibres are more darkly stained than the 
others. Notice the stained nuclei of the bone-corpuscles in ihe lacunae. 
In the thinnest parts of the sections try to make out the bloo Ivessels and 
other structures in the Haversian canals. 

4. Mount in Canada balsam sections of marrow (from a li)ng bone) stained 
with hiematoxylin or borax -carmine.* Observe the fat-cells, the reticular 
tissue supporting them, the proper marrow- cells in this tissue, &c. 

6. Tease in saline solution some of the red marrow from the rib of a 
recently killed animal. Observe and sketch the proj^er marrow-cells and 
look for myeloplaxes and nucleated coloured blood- corpuscles. If examined 
carefully, amoeboid movements may be detected in the latter and in the 
marrow-ceUs. 


Bone is a connective tissue in which the ground- substance is im- 
pregnated with salts of lime, chiefly phosphate, these salts constituting 
about two-thirds of the weight of the bone. When bones are macerated 
this earthy matter prevents the putrefaction of the animal matter. 
When bones are calcined they lose one-third of their weight, owing to 
the destruction of the animal matter ; when steeped in acid the earthy 
salts are dissolved and only the animal matter is left. This, like 
areolar and fibrous tissue, is converted into gelatine by boiling. 

Bony tissue is either compact or cancellated. Compact bone is 
dense like ivory ; cancellated is spongy with obvious interstices. The 
outer layers of all bones are compact, and the inner part is generally 
cancellated, but the shaft of a long bone is almost entirely made up of 

* See Appendix. 
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wmi^act sttbatanoe ex<^pt along the centre, which id hollow and filled 
with maiTow. The interstices of cancellated bone are also occupied 
by marrow* Externally bones are covered except at the joints by a 
vacKSular fibrous membrane, the periosteum. 

True bone is always made up of lamefla, and these again are com- 
posed of fine fibres lying in a calcified ground-substance. Between 
the lamellsB are branched cells, the bone-corpuscles^ which lie in cell- 
spaces or lacuna. The ramified passages whicji contain the cell-pro- 
cesses are termed canalicuh. 

In cancellated bone the blood-vessels run in the interstices supported 
by the marrow. In compact bone they are contained in little canals — 
the Haversian canals — which everywhere pervade the bone. These 
canals are about 0*06 mm. inch) in diameter, but some are 
smaller, others larger than this. Their general direction is longitudinal. 
i.e. parallel to the long axis of the bone, but they are constantly united 
by transversely and obliquely running passages. In a section across 



Fig. 66. — Tkansvebsk section oi a bone (ulna). (Msgnified 20 diameters.) 

The openings of the Harersian canals are seen encircled by ooncentiic lamellsB Other lamellM 
rtm parallel \vith the surface (a) 

the shaft of a long bone they are seen as small rounded or irregular 
holes (fig. 68). When the section has been made by grinding, the 
holes get fiUed up with air and debris, and they then look black by 

B 
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transmitted light, as do also thelaoonaa and canalicnli {&g. S9). Most 
of the lamellae in oompaot bone are disposed oonoentricallj around the 
Haversian canals ; they are known as the Haversian lamellte, and with 



Fig. 59.— Thansveu'sK sk(;tiox op* compact tissue (of iiuMKara'' | (Magnified 
about 150 diameters.) “ I 

Three o{ the Harersian canals are seen, with their concentric rings ; also the lacunae, with 
the oaiinliculi extending from them across the direction of the lamollas. The Haversian 
apertures had become filled with air and debris in grinding down the section, and therefore 
appear black in the figure, which represents the object as viewed with transmitted light. 


the included canal form what is known as a Haversian system. The 
lacunas of a Haversian system communicate with one another and 
with the Haversian canal, but not as a rule with the lacunae of other 
Haversian systems. The angular interstices between the Haversian 
systems are generally occupied by bony substance, wliich is fibrous but 
not distinctly lamellar. Besides the lamellae of the Haversian systems 
there is a certain thickness of bone at the surface, immediately under- 
neath the periosteum, which is composed of lamellae arranged parallel 
with the surface ; these are the circumferential or periosteal lamellae 
(fig. 58, a). They are pierced here and there by canals for blood- 
vessels, which are proceeding from the periosteum to join the system 
<rf Haversian canals, and also by calcified bundles of white fibres and 
by elastic fibres which may also be prolonged from the periosteum. 
These are the perforating fibres of Sharpey (fig. 60), 

The lamellae of bone are fibrous in structure. This may be seen in 
shreds tom oflf from the superficial layers of a decalcified bone (fig. 
61), The fibres often cross one another in adjacent lamellae, and in 
the Haversian systems they run in some lamellae concentrioally, in 
others parallel with the Haversian canal. In shreds of lamellae which 
have been peeled off from the surfeoe the perforating fibres may some- 
times be seen projecting from the surface of the shred, having been 




Fio. 60 . — Transverse section of decalcified human tibia, from near the 

SURFACE OF THE SHAFT. 

If, H, Havergian canals, ■with their systems of ooncentrio lamellae ; in all the rest of the figure 
the lamellae are circumferential ; s, ordinary perforating fibres of Sharpey ; e, e, elastic 
perforating fibres. Drawn under a power of about 160 diameters. 
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tom out of the deepo^^ lamellffi (fig* 61 e, c). Where tendotos or Kga- 
tuents are inserted into bone, their bundles of white fibres are prcdonged 
into the bone as perforating fibres* 

The lacunas are occupied by nucleated corpuscles, which send 
branches along the canaliculi. 

The Haversian canals contain one or two blood-capillaries and 
nervous filaments, besides a little connective tissue ; and the larger 
ones may also oontaii% a few marrow-cells. There are also cleft-like 
lymphatic spaces running parallel with the vessels and connected by 
means of canaliculi iv^iih neighbouring lacunsB in the osseous substance 
(fig. 62). 
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Fig. 62 — Sec 1 ION oi \ Haveusian caxal, showivg iiss contenis. 

(Highly magnified.) 

ff, pinall arterial capilUry vessiel , v, Urge venoa*t capillary n, pale iierre fibies cut acrosib , 
/, cleft like lymphatic vessel out ol the c ells forming its wall communicates bv fine 
branches with the branches of i bone-corpuscle The substance in which the vesisels 
lun is couneotiTe tissue with ramified cells . its finely granular appearance is probably due 
to the cross-section of fine fibrils J he canal is surrounded by several concentric laineilie 


The periosteum, which is best studied m sections from a bone which 
has been decalcified m chromic or picric acid, is a fibrous membrane 
composed of two layers, the inner of which contains many elastic 
fibres. In the outer layer numerous blood-vessels ramify and send 
from it branches to the Haversian canals of the bone. The periosteum 
ministers to the nutntion of the bone, partly on account of the blood- 
vessels it contams, partly, especially in young animals, on account of 
the existence between it and the bone of a layer of osteoblasts or bone^ 
forming cells, a remainder of those which originally produced the bone. 

The marrow of bone is of a yellow colour in the shafts of the long 
bones, and is there largely composed of adipose tissue, but in the can- 
cellated tissue it IS red, the colour being partly due to the large amount 
of blood in its vessels. This red marrow is chiefly composed of round 
nucleated cells- the ma/rrow-cells (fig. 68, e-i ) — which resemble large 
lymph-corpuscles, and, hke these, are amoeboid. There are also to be 
seen mingled with them a number of corpuscles somewhat smaller in 
rise, but nucleated and amoeboid, and of a reddish tint (fig. 68, ; 

these are believed to be cells in process of development into colour^ 
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blood^corpufieles {hsmatohlasts). Lastly the marrow containB a certain 
number of very large cells with multiple nuclei, the myehplaxes (fig* 
68, a, 6, c, d). These are especially numerous wherever bone is 
becoming absorbed. The marrow is very vascular, the capillaries and 
veins being large and thin- walled ; indeed, according to some authorities. 
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Fio. 68. — CEI 1 .S OF iiiE KtD MARROW oi THi o\ INFA PIC. magnified.) 

n, a large cell, the nucleus of whidi aijpcaiB to be partly diviikd into three by constrictions , 
b, a cell the enlarged nucleus of vhich bhoi^s an appearance of being constricted into a 
number of smaller nuclei , c, a so called giant-cell or m>eloplaxe with many nuclei , d, a 
smaller myeloplaxe y ith thiec nuclei , e-», proper cells of the marrow , j-t^ vanou*. fonub 
of coloured nucleated cells, some in process ot division. 

t 

the walls of the capillaries are imperfect, so that there is an open com- 
munication between them and the interstices of the tissue, and in this 
way it is supposed that the coloured blood-disks, which are believed to 
be produced from the coloured nucleated cells of the marrow, may get 
into the circulation. 
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LESSON XIV- 

t 

DEVELOPMENT OF BONE. 

1. Mount in Canada balsam a section of the lower jaw of a foetus which has 
been stained in bulk with magenta or heematoxylm and embedded in paxaihn.^ 
Find the part where the lower jaw-bone is becoming ossified, and carefully 
study the appearances which it presents. The bone is prolonged in the form 
of osteogemc fibres which are covered with osteoblasts. 

2. Intramembranous ossification may also be studied in the parietal bone 
of a foetus which has been preserved in Muller’s fluid. A piece of the growing 
edge is scraped free from its investing membranes and mounted in glycerine 
or Parrant. 

8. Moimt in Canada balsam sections of a foetal limb which has been stained 
with magenta. The bones will bo found in different stages of ossification, 
those of the digits being least developed. Make sketches illustrating the 
three chief stages of endochondral ossification. Notice tha peculiar ter- 
minal ossification of the third phalanx. I 

4. Make with a sharp scalpel a longitudinal section at the line of ossifica- 
tion in a more advanced bone which has not been decalcified. These 
sections will show the mode of progress of the calcification. The sections 
can be mounted in Farrant’s solution. 


True bone is essentially formed in all cases by an ossification of 
connective tissue. Sometimes the bone is preceded by cartilage, which 
first of all becomes calcified, and this is then invaded, and for the most 
part removed, by an embryonic tissue which re-deposits bony matter in 
the interior of the cartilage, whilst at the same time layers of bone are 
being formed outside underneath the periosteum. Tliis is intracar- 
tilaginous or endochondral ossification. Sometimes the bone is not 
preceded by cartilage, and then the only process which occurs is one 
corresponding to the subperiosteal ossification of the former variety ; 
the ossification is then known as intramembranous, 

Oseifioation in Cartilage. — This may be described as occurring in 
three stages. In the first stage the cells in the middle of the cartilage 
become enlarged and arranged in rows radiating from the centre 
(fig. 64), and fine granules of calcareous matter are deposited in the 
matrix. Simultaneously with this the osteoblasts underneath the 

* For the methods of staining and embedding 1 and 8, see Appendix, * Embedding 
in Paraffin.]^ 
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petiofiteum deposit a layer or layers of fibrous laxnellie upon the surface 
of the cartilage^ aad these lamellie also become calcified (fig. 64, im). 
As they are formed some of the osteoblasts (o) are included between 
them and become bone-corpuscles. 



Fig. 04 . — Secjion oi vua\a\ovai bom of iilman kkiisai ihf iimj oi 
OOMMEKOIKO ossji jcAT lo^ (Magnified about 76 diameters ) 

The oartilage>ceI}«i m the centre an enlarged and ti parated from one anotiur h} dark-lookiug 
calcified matrix, nn la^tr ol boni dci)Ob]teii tuideineath the penosteum , o, la>er ol 
oateoblasts by which tlus> la\(r has been form til borne of tlie osteoblasts are already em- 
bedded in the new bone as lacunaa 1 he oartilage-cclls are becoming enlarged and flattened 
and arranged m rows above and below the calcified centie At the ends of the cartilage 
the cells are small and tJie groups are irregularlj arranged , tlie fibrous penosteum is 
not fcharply maiktd oft from the cartllagt 

In the second stage some of the subperiosteal tissue eats its way 
through the newly formed layer of bone and into the centre of the cal- 
cified cartilage (fig. 66, ir). This is freely absorbed before it, so that 
large spaces are produced which are filled with osteoblasts contain 
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atmiex>(ms blood-vesisels which have grown in at the same time* !!?he 
apaooB are termed medullary spaces, and this second stagfe may he 
termed the stage of imiptton. 



Fia 66. — Sbctiov of pari? oi 

OVB OF THB LIMB-BONBS 6l 
A FCEIAL CAT, AT A MORI 
ADVANCED STAOE OF OSSIl* I 
CATION THAN IS RKPRK 
SBNTED IN BIG. 64 , ANl 
SOMEWHAT MORE IIIGHI 1 
MAGNIBIEl). 

The oaloification ol the cartilage 
matrix has advanced from th< 
centre, and is extending betweei 
the groups of oartilage^selli 
which are arranged m character 
istlo rows Tlie subperiostea 
bonv deposit (tm) has extendec 
pan poMu with the oalclflcatioi 
of the cartilage>matnx Tin 
cartilage-cells in the primari 
areolffi are mostly shrunken an< 
stellate , m some oases they han 
diopppd out of the space. At t< 
and in two other places an irrup 
tlon of the subperiosteal tissue 
oompoaeil oC |miided oells witl 
osteoblasts A | growing blood 
vessels, has peh^rated the sub 
pcriost^l bviny crust, and ha 
begun to excavate the secondar 
ureolec or medullary spaces , p 
hbrous laier of the pe^osteum 
0 , layer of osteoblasts, some o 
them are embedded in the osseou' 
layer as bone corpuscles in la 
cunsp , 6f blood-vessels occupiei 
by blood-corpuscles Beyond thi 
line of ossiflc advance the penos 
team may be noticed to 1^ dia 
tinctly incurved This mourva< 
tlon 18 gradually moved on, th< 
(artilage expanding behind i1 
until the head of the bone i 
reached, when it forms the peri 
osteal notch or groove representec 
in fig 66, p 67 


ht 


In the third stage of endochondral ossification there is a gradual 
advance of the ossification towards the extremities of the cartilage, 
and at the same time a gradual deposition of fresh bony lamellse and 
spicules on the walls of the medullary spaces, and on the surface ol 
the new bone under the periosteum. The advance into the cartilage 
always takes place by a repetition of the same changes, the cartilage- 
cells first enlarging and becoming arranged in rows, the matrix 
between the rows becoming calcified, and then the calcified cartilage 
becoming excavated from behind by the osteoblastic tissue so as to fmrm 
— medullary spaces (fig. 67). ^e walls of these are at first formed 
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only by remains of the eaUjified cartilage-matrix (fig. 67, c), but tiiey 
soon become thick^ied by lamellas of fibrous bone {b) which are 


FlO. 66.-*l>»IfGITUl>tNAL SE<^- 
TION THROUGH TH» UPPER 
HALF OF THE 1>ECALCIFIKI> 
HUMERUS OF A FCKfAL SHEEP, 
AS SEEN UNDER A MAGNIFY- 
ING POWER OF ABOUT 30 
«>IAMF.TKRS. 

ic, the part of the shaft which was 
primarily ossified in cartilage; 
what remains of the primary 
bone Is represented as dark, en- 
veloped by the clear secondary 
depc^it. The arcolse of the bone 
are occupied by enibryomo mar- 
row with osteob’asts, and blood- 
vessels vanoualy cut, represented 
as dark lines. One long straight 
vessel (b») passes in advance of 
the line of ossification far mto 
the oartilaginous head, most ot 
the others loop round close to the 
cartilage. At one or tao places 
in the older parts of the bone 
elongated groups of cartilage- 
cells (c) may still be seen, v^hich 
have escaped absorjition. tm, tho 
part of the bone tliat has been 
ossified in membrane, that is to 
say, in the osteoblastic tissue 
nnder the periosteum, Jt is well 
marked off from the central por- 
tion, and IS bounded, ponpherully, 
by a jagged edge, the projections 
of which are indistinctly seen to 
be prolonged by bunches of osteo- 
genio fibres, A row of osteoblasts 
covers the superficial layei of the 
bone. The subpeiiosteal layer is 
prolonged above into the thioken- 
(P)» which encroaches upon 
the cartilage of the head of tho 
bone, and in which are seen, 
amongst numerous osteublast*) 
and a few blood-vessels, tho 
straight longitudinal osteogenic 
fibres (of), and some othei fibres 
( p/) crossing them, and perhaps 
representing fibres of Sharpey. 
The calcareous salts having been 
removed by an acid, the granular 
ossifle deposit passing up between 
the rows of oartil age-cells is not 
seen in this specimen; it would 
have extended as far as a line 
joining the marks x x. Observe 
the general tendency of the osse- 
ous trabeculso and tlie vascular 
channels between them to radiate 
from the original centre ot ossifi- 
cation. This is found to prevail 
more or less in all bones when 
they are first formed, although 
the direction of the trabeculre 
may afterwards be<x>me modified 
in relation with varying physio- 
logical conditions, and especially 
as the result of pressure m dif- 
ferent directions. 



deposited by the osteoblasts, and between which bone-corpuscles 
bewme included, as in the case of the subperiosteal bone. The latter 
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advances f<m passu with the endochondral caloifioation, but bejond 
&is the unoalcified cartilage grows both in length and breadth, so that 
the ossification is always advancing into larger and larger portions of 
cartilage ; hence the endochondral bone as it forms assumes the shape 
of an hour-glass, the cylindrical shape of the whole bone being main- 
tained by additions of periosteal bone to the outside (see fig. 66). The 



Fig. 67.— pAur of a longi- 

IIDIXAL ShCTION OF IHE 
DKVKU)^I^(. I'hMUR OF TllK 
KABHiT. (Drawn under a 
niajfmt} jwwer of 850 
diameters.) 

ft, TowB of fattened oartilago-oells ; 
b, greatly enlarged oartilage- 
cdls clo^'C to the advancing bone, 
the luatrlx hetvseen is iMwrtly 
tikifled , c, df alreadj formed 
bone, the osseous trabctulas 
being corexod with osteoblasts 
(#’), except here and there, 
wheie an osttoclal is 'wen, 
eroding parts of tii->*rabecula3, 
0, h caxtliage-cells which have 
become bhninken and irrigular 
m sha]>p. Tiom the middle of 
the figure downwards the dark 
trabcculffi, whuh ore formed of 
calcified cartilage-matrix, are l) 0 - 
toming covered with beoondary 
osseous substance deposited by 
the osteobla'-t'. The vascuUr 
loops at the extreme limit of the 
l>oue are well shown, as well as 
the abrupt disappearance of the 
t iriilage-cells 


absorption of the calcified cartilage-matrix appears to be effected, as is 
the case with absorption of bony matter wherever it occurs, by large 
multinucleated cells (fig. 67, /, /) which are termed osteoclasts. They 
are the same as the myeloplaxes of the marrow. 

The bone which is first formed is more reticular and less regularly 
lamellar than that of the adult, and contains no Haversian systems. 
The regular lamellje are not deposited until some little time after birth, 
and their deposition is generally preceded by a considerable amount of 
absorption. It is about this time also that the medullary canal of the 
lo^ bones is formed by the absorption of the bony tissue which 
originally occupies the centre of the shaft. 
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' After a time th^ eartilage in one or botli ends of the long bones begins 
to ossify independently, and the epiphyses are formed. These are not 
joined to the shaft until the growth of the bone is completed* Growth 
takes place in length by an expansion of the cartilage {intermediate 
tilage) which intervenes between the shaft and the epiphyses, and by the 
gradual extension of the ossification into it ; in width entirely by the 
deposition of fresh bony layers under the periosteum. In the terminal 
phalanges of the digits the ossification starts, i|ot from the middle of 
the cartilage, but from its distal extremity. 

For the regeneration of portions of bone which have been removed 
by disease or operation it is essential that the periosteum be left. 



Fig. US. — Pari of the growing rogf of the dexei oping pakiktal bom. 

OF A 10r\E <AJ, IN< II lONO. 

9p^ bony spicules, with some of the u^ttoblu'-ts erabeadeU m them, prodneing the lacunae; of, 
Obteogenic fibres pro ongmg the spiculea, with obteoblabts (o«/) bct^\^eu them and applied 
to them. 

Intramembranous ossification. In this variety of ossification, the 
bone is not preceded by cartilage at all, and therefore no endochoii- 
dral bone is formed, but the calcification occuis in a sort of embryonic 
fibrous tissue which contains numerous osteoblasts and blood-vessels 
(fig. 68). The fibres of this tissue (osteogenic fibres), which, like tho^ 
of fibrous tissue, are collected into small bundles, become enclosed in 
a calcareous matrix ; and as the fibres grow, the calcification extends 
further and further, so that bony spicules are fonned, wliich, as they 
become thickened, run together to form reticular layers, leaving spaces 
filled with osteoblasts around the blood-vessels. The osteogenic 
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fibres are covered with oeteoblaate, imd as the bone forms, some of 
these become left as bone^oorpuscles within lacuna. Thus in every 
particular the development of these bones resembles that of the sul^ 
periosteal layer of endochondral bone, which is also to be considered 
as an instance of intramembranous ossification, although taking place 
on the surface of cartilage. Moreover, it is the same subperiosteal 
tissue which deposits the true or secondary bone upon those parts 
of the calcified cartilagematrix which have escaped absorption ; and 
this must also, therefore, be reckoned as developed accordmg to the 
same type. In fact, even in intracartilaginous ossification, very little 
of the calcified cartilage-matrix eventually remains ; this being almost 
wholly replaced by true or fibrous bone which has been formed by 
osteoblasts. 
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LESSONS XV. AND XVL 

STRUCTURE OF MUSCLiJ. 

LESSON XV. 

1. Take a shred of muscle from a recently killed mammal, and on a dry slide 
carefully separate long pieces of muscular fibre (single fibres if possible) and 
stretch them out, keeping them moist during the process by breathing on the 
slide. Put a drop of serum on the cover-^lass before placing this over the 
preparation. Study first with a low’, then with a high power. Sketch all the 
appearances to be seen in a small piece of a fibre, focussing carefully the mosi 
superficial layers. Notice the oval nuclei immediately mider the sarcolemma 
Then allow a httle dilute acetic acid to run under the cover-glass and watch 
its effect. 

2. Prepare some fibres of frog’s muscle in the same way, but mount in 
salt solution instead of serum. Notice the muscular substance slirinking 
away here and there from the sarcolemma, which then becomes distinctly 
visible. Sketch a piece of sarcolemma bridgmg across an inter\al thus pro- 
duced. 

8. Moimt in Farrant transverse sections of fresh muscle which have been 
cut whilst frozen, and at once placed in 1 per cent, nitrate of silver solution. 
Take care to prevent the cover-glass from pressing on the sections. Examine 
first wildi a low and then with a high power. Sketch the appearances which 
are seen. 

In each of the abo% e preparations measure the diameter of some of the 
fibres. 


LESSON XVI. 

1. Cut off the head of a water-beetle and bisect the trunk with scissors so as 
to expose the interior. Notice two kmds of muscular tissue, the one belonging 
to the legs greyish in colour, the other attached to the wings yellowish. 
Preparations of both kinds of muscle are to be made in the same way as hving 
mammalian muscle (see previous Lesson), but they are to be mounted either 
without the addition of any fluid or in a irop of the insect’s blood. In both 
preparations the dark-looking air-tubes or trache® form prominent objects 
ramifyhug amongst the fibres. Observe the structure of the two kinds of 
muscle, noting especially the fine fibrils of the wing muscles and the muscle- 
rods in the large fibres of the leg muscles. If the preparation is made quickly, 
waves of contraction will probably be observed passing along the last-nam^ 
fibres. 

The remainder of the water-beetle may be put into spint ginned upon a 
cork so that the muscles are well stretched) and preparations made on a 
fixture day after the manner described in the next preparation. 

2. Place in logwood a small shred of mammalian muscular ti^ue which 
has been stretched upon a cork and hardened in alcohol. When it is deeply 
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msh it m water and with needles break the dbres np in Farrant*s 
into as fine fibrils as possible. Cover and examine with a hi|d^ 

power. 

8. Tear off a small shred of the muscular coat of a piece of intestine which 
has been firom 24 to 48 hours in per cent.) bichromate of potash solution. 
Hold the shred with forceps in a drop of water and fray it out with a needle. 
In this process many cells will be set free and can be seen with a low power. 
The preparation may then be covered and examined with a high power. 
SbotwiL one of the colls. ^Then allow dilute logwood to pass under the oovci*- 
gleiss and lastly a drop of glycerine. Sketch another cell alter staining. 
Measure two or three cells and their nuclei. 


Volnntaxy muscle is composed of long cylindrical fibres, measuring 
on an average about inch in diameter in mammalian muscles, but 
faa^ng a length of an inch or more. Each fibre has an elastic sheath, 
the sarcohmina, which encloses the contractile substance. The sarco- 
lemma is seldom distinct, unless the contained substance becomes 
broken (fig. 69). 



Fig. 69. — Saucolemma 
OF mammalian mus- 
cle, HIGHLY MAGNI- 
FIED. 

The fibre is represented at 
a place where the mus- 
cular substance has be- 
come ruptured and has 
shrank away, learlng the 
soroolemma (with a 
nucleus adhering to it) 
clear. The fibre had been 
treated with serum acidu- 
lated with acetic acid. 



Fig. 70 , — Muscular 

FIBRE OF A MAMMAL 
EXAMINED FRESH IN 
HERUM, HIGHLY MAG- 
NIFIED, THE SURFACE 
OF THE FIBRE BEING 
ACCURATELY FO- 
CUSSED. 

The nuclei are seen on the 
fiat at the surface of the 
fibre, and in profile at 
the edges. 


^ The contractile substance of the fibre is characterised by the alter* 

. hate dark and light stripes which run across the length of the fibre ; 
the name, cross-striated or striped muscle. On focussing^ it 
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can b© seen that the stripes pass through the whole thickness of the 
fibre ; they may therefore be looked upon as representing alternate 
disks of dark and light substance. If the surface bo very carefully 
focussed, double rows of granules are seen lying in or at the bounda- 
ries of the light streaks, and very fine longitudinal lines may, with a 
good microscope, be detected running through the dark streak, and 
imiting the minute granules (fig. 70 ). Tliese fine lines, with their 
enlarged extremities the granules, are known ?LHjntiscle-rod$ ; they are 
more conspicuous in the muscles of insects. 




Fig. 72 — Diaguammv- 
rU RFPRKSKNr viiox 
OI* V M USCLK < VSI . 

fM, must Ip pll^^n, eon‘*ist- 
niffof abuiKllt of niu-v<lp- 
lOdb, tv, fluid MlbatllllU*. 


Fig 71 — Portiox or a mediitm- 

8I/.1CI) HUMAN MU8C ULAK FIBRE, 
SHOWING THE INTFRMEDIATE 
LING MENTIONED IN THE TKXl. 


If instead of focussing the surface of the fibre it be observed in its depth, 
a different appearance is firequently visible, namely a fine dotted hne bisecting 
each clear stripe (fig. 71) ; but this appearance is probably due to an optic«d 
effect caused by the light being transmitted between disks of different 
refrangibility. 

The fine Ime bisecting the clear stripe is, however, taken by many histolo- 
gists to represent a definite structure, and is often Imown as Krause’s mem- 
brane, having been described by Krause as connected with the sarcolemma and 
dividing the muscle-fibre into so many flat compartments. Krause further de- 
scribed these compartments as divided longitudinally by fine membranes, so 
that the muscle- substance may, accordmg to him, be regarded as composed of 
little c;^lindrical * cases ’ (fig. 72) each containing in the centre a portion of the 
dark disk, and, above and below this, portions of the light disks (which are 
fltiid according to this author).^ 

' For other views regarding the structure of striated muscular fibre, the student 
is referred to Qumi's Anatomy ^ 9th edition, yol. ii. pp. 127 to 129, 
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Beeddbes the sarcolemmtb mi striated substauce, a muscular ilbre also 
exiubits a number of oval nuclei v^hioih have the usual reticular struotore 
(rf cellmuolei. Sometimes there is a little granular substance (proto* 
plasm) at each pole of the nucleus. In mammalian muscle the nuclei 
he immediately under tiie sarcolemma (figs. G9, 70), except in certain 
fibres, e.g. those which compose the red muscles of some animals, such 
as the hare and rabbit, and which occur scattered amongst the ordinary 
fibres in mammalia generally. In these the nuclei are distributed 
through the thickness of the fibre, and this is also the case in all the 
muscular fibres of the frog. 

The transveise section of a muscle shows the fibres to be nearly 
cylindrical in figure. Between the fibres there is a certain amount of 
areolar tissue, which serves to support the blood-vessels and also unites 
them into fasciculi ; the fascicuh are again imited together by a larger 
amount of this intramuscular connective tissue. 

On examming the transverse section of a fibre with a high power, 
it is seen to be subdivided everywhere into small angular fields, the 
areas of Cohnheim. These probably represent sections of the longi- 
tudinal fihils into which a muscular fibre splits after death, or after 
being hardened in certain reagents, alcohol, chromic acid, or osmic 
acid. 



Fio. 74 — Living mi S( i-e or waibr- 
BKbTI B (l)l ri8< l S MARGIN A LIS). 
(Highly magnified ) 

saxooleznma ; dim stripe, 6, bright 
stripe, c, row of dots in bright stripe^ 
which seem to be the enlarged ends of 
rod-shaped particles, d 


In the muscles of insects the stripes are relatively broad, and their 
structure can be more readily seen than in mammals. In the Uviaag 
fibres from the muscles of the legs, the appearance of fine longitudinal 
lines traversing the dark stripes, and terminating within the light 
stripes in rows of dots, is very obvious. When the fibres contract, the 
light stripes are seen, as the fibre shortens and thickens, to become 
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dark, an apparent reversal being thereby produced in the striae. This 
reversal is due to the enlargement of the rows of dark dots, and the 
formation by their juxtaposition and blendmg of dark disks, whilst the 
muscular substmce between these disks has by contrast a bright 
appearance. 

The wing-muscles of insects are easily broken up into very fine 
fibres or fibrils, which also show alternate dark and light striae. The 
number and relative thickness of these differ, l^owever, considerably, 
according to the amount of stretching of the fibres (fig. 75). Muscle- 
rods are not seen in these fibres. 


A B c T) 



Fl(.. 76 — Ol IHK WINO-MUS< Ol \N INSECT. 

Thcfibrosare in difterent conditions of extension, ft om A lea'^t cxtcnderl, to I) ino^t t\- 
tended c, e, < hiof snbstance of the fibre , m, f», intermediate llne«t or diskfs ; tlu liKlit 
bands, he, on either side of the^e only come to new A^heii the fibie is sufflt lently stretched 
(C) ; with further extension (D>, the middle of the dark band appears liglit^ r, A 


In muscular tissue which has been hardened in alcohol and certain 
other reagents, the structural appearances aie a good deal altered from 
those of the living muscle, although the cross-strigp are still very obvious. 
There is also a considerable tendency for the fibres to split up longi- 
tudinally into fib rds, and by some authorities the finest of such fibrils 
are regarded as the ultimate elements of the fibre. Certain other 
reagents, such as dilute hydrochloric acid, cause a transverse splitting 
of the fibres into disks, and these effects of reagents led Bowman to form 
the opinion that the muscular substance may be in reality composed of 
minute prismatic particles set side by side in rows or planes to form 
the disks, and adliering end to end longitudinally to form tlie fibrils. 
To these constituent particles of the muscular substance be gave the 
name of ‘ sarcous elements.’ 

When living muscular fibres are examined by polarised light, the 
whole of the muscular substance except the muscle-rods is seen to be 
doubly refracting, looking bright in the dark field produced by crossing 
the axes of the Nichol’s prisms. Contracted muscle and dead muscle 
show, however, alternate bands of dark and light under those circum- 
stances. 

ETiding of mmcle in tendon . — A small tendon-bundle passes to 

F 
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each muscular fibre and becomes firmly united with the sarcolemma, 
which extends over the end of the fibre (fig. 76). Further, the areolar 
tissue between the tendon-bundles is continuous with that which lies 
between the muscular fibres, so that the connection of a muscle to its 
tendon is very firm. 



Fio. 76. — Termination oi a mus- 

Crii^R BIltRK IN llNl>f>N. 

wi, sArcolemma ; the same memlmvne 
pashiug over the end of the fibre , 
extremity of muscular subbtauce c, 
retracted from the lo’wer end of the 
sarcolemma tube , t, tendon-bundle 
pasting to be fixed to the sarooltiuma. 


o 



Fig. 77 — rAPiLLAitv vkssfi^ of 

MITSCLE. 


Blood-vessels of rn/imole . — The capillaries of the muscular tissue are 
very numerous. They run, for the most part, longitudinally, with 
transverse branches, so as to form long oblong meshes (fig. 77). In 
the red muscles of the rabbit and hare, the transverse capillaries have 
small dilatations upon them. No blood-vessels ever penetrate the 
sarcolemma. 

Lymphatic vensels^ although present in the connective- tissue sheath 
(perimysium) of a muscle, do not penetrate between its component 
fibres. 

The nerves of voluntary muscles pierce the sarcolemma and ter- 
minate in a ramified expansion known as an end-plate (see Lessor 
XIX.). 
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Voltmtary muscular fibres are developed from embryonic cells of 
the mesoderm, which become elonpted, and the nuclei of which become 
multiplied, so as to produce long multi-nucleated fusiform or cylindrical 
fibres. These become cross-striated at first along one side, the change 
gradually extending around the fibre and also towards the centre; 
but the middle of the fibre, to which the nuclei are at first confined, 
remains for some time unaltered (fig. 78). Eventually the change in 
structure extends to this also, and the nuclei pass gradually to occupy 
their ordinary position under the sarcolemma, wnich by this time has 
become formed. 



Fig. 78. — Developing 

MUSCULAR FIBRE, 
FROM FCETUS OF ^ 
MONTHS. 

central protoplasm with 
several nuclei, n, scat- 
tered in it; t, oommen- 
cing Karcolemnia, with 
striated muscular sub- 
stanoo developing im- 
mediately beneath It. 


Fig. 79. — Muscular hrre-cells jrom the Mus<ti- 

LAll <’OAT OF THE SMALL INTLbTlNE, HIGHLY MAG- 
NIFIED. 

A. A complete cell, showing the nuclew with intra-nucleur 
network, and the longitudinal fibrillation of the cell-sub- 
stance, with finely vacuolated protoplasm between the fibrils. 
B. A cell broken in the process of isolation ; the delicate 
enveloping membruno ]»rojeots at the broken end a little 
beyond the hubstanco of the cell. 



Involuntary or plain mtucular tissue is composed of long, some- 
what flattened, fusiform cells (fig. 79), which vary much in length, but 
are usually not more than inch long. Each cell has an oval or 
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rod-shaped nucleus, 'which shows the usual intra-nudcar network and 
oonamonly one or two nucleoli. The ceU-substance is longitudinally 
striated, but does not exhibit cross-stri» like those of voluntary muscle. 
There appears to be a delicate sheath to each cell. There is a little 
intercellular cementing substance uniting the cells together, and which 
can be stained by nitrate of silver. The fibres are collected into fas- 
ciculi. 

Plain muscular ti^ue is found chiefly in the walls of hollow viscera ; 
thus it forms the muscular coat of the whole of the alimentary canal 
below the oesophagus, and occurs abundantly in the muscular coat of 
that tube also, although it is here intermixed with cross-striated 
muscle ; it is found also in the mucous membrane of the alimentary 
canal ; in the trachea and its ramifications ; in the urinary bladder 
and ureters ; in the uterus, Fallopian tubes, and ovary ; in the pro- 
state, the spleen, and muscle of Muller in the orbit, and in the ciliary 
muscle, and iris. The walls of gland-ducts also contain it, and the 
middle coat of tl)e arteries, veins, and lymphatics is largely composed 
of this tissue. It occurs also in the skin, both in the secreting part of 
the sweat-glands, and in small bundles attached to the hair-follicles ; 
in the scrotum it is found abundantly in the subcutaneous tissue 
(dartos). 

The muscular tissue of the heart constitutes a s| ^ial variety of 
involuntary muscular tissue (cardiac), and will be described along with 
that organ. 
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LESSON XVIL 

STRUCTURE OF NERVE^FIBRES, 

1. Tease a piece of fresh nerve in saline solution, injuring the fibres as little 
and obtaining them as long and straight as possible. Study the medullated 
fibres, carefully noticing all the structures that are visible — viz., nodes of 
Banvier, nuclei of primitive sheath, double contour of medullary sheath, 
medullary segments, &c. Measure the diameter of half a dozen fibres. Draw 
a short length of a fibre very exactly. 

2. Prepare a piece of the symi)athetic nerve in the same way. Measure 
and sketch as before. 

3. Separate (in dilute glycerme or Farrant) into its fibres a small piece of 
nerve that has been twenty-four hours in i per cent, osuiie acid. The nerve 
should have been moderately stretched on a piece of cork by means of pins 
before being placed in the acid. Keep the fibres as straight as j)oi»sible and 
only touch them near their ends with the needles. Sketch two ])ortious of a 
fibre under a high power, one showing a node of Banvier and the other a 
nucleus of the primitive sheath. Look for fibres of Beinak. Measure tlie 
length of the nerve- segments between the nodes of Bamier. 

4. Mount in Canada balsam sections of a nerve which has been hardened 
in picric acid and stained with picro-carmine. ^’he nerve should have been 
stretched out before being placed in the hardening solution. Examine the 
sections first with a low and afterwards with a liigh power. Notice the 
lamellar structure of the perineurium, the varying size of the nerve-fibres, 
the axis cylinder in the centre of each fibre, &c. Measure the diamt^ter of 
five or six fibres, and sketch a small portion of one of tlie sections. 


Nerve-fibres are of two kinds, medullated and non- medullated. Tlio 
cerebro-spinal neives and the white matter of the nerve-centres are 
composed of medullated fibres ; the sympathetic and its branches is 
chiefly made up of non-medullated. 

The medullated or white fibres are characterised, as their name 
implies, by the presence of the so-called medullary sJieath or white 
substance. This is a layer of soft substance, chiefly of a fatty nature, 
which encircles the essential part of a nerve-fibre, viz. the axis-cylinder. 
Outside the medullary sheath is a delicate but tough homogeneous 
membrane, ihe ;pnmitive sheath or nucleated sheath of Schwann , but 
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this is not present in all medullated fibres, being absent in tliose which 
are within the nerve-centres. 

The medullary sheath is composed of a highly refracting &tty 

A B 



Fig. 80.—WinTE or medullatei> 

NERVE - FIBRES, SHOWING IHE 
SINUOl S OUTLINE ANI> DOUBLE 
CONTOI R8. 


Fig. Sl.—PoRTioNvS op two nerve- fibres 
STAINED WITH OSMIC ACID (FROM A 
YOUNG rabbit). (426 diameters.) 

R, R. Nodes of Eanvier, with axis-cylinder 
p^ng tlirough. primitire sheath of 
the nerre, c, opposite the middle of the 
segment, Indicates the nucleus and proto- 
plasm lying between the primitire sheath 
and the medullary sheath. In A the nodes 
are wider, and the intersegmental substance 
more apparent than in B. 



material, which gives a charaoteristio dark contour and tubular appear- 
ance to the nerve-fibres. It affords a continuous investment to the 
axis-cylinder, except that it is interrupted at regular intervals in the 
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Fro 82 — A smat i tart oi a mfdi l- 

1A1M> FIBRL, JlIOlILl 

The fitee looks in optual ^tctiou like a tube— 
henoe the term tubular formerly applied to 
these fibres Tuo partial bitaelies ot con 
tinuity are seen m the nudulan sheath 
\vhi( h at these places cxliibits a tcinh nev to 
«pht into 1 iminae The j)riiuitive sheath is 
lieic and there apparent outside the medul 
lary sheatli, and the delicate stna:. winch 
arc visible in the innhllc of the fibre pro 
bablv indicate the fibril luted axis cylinder 



c 

Fig. 84 ^Two poriions of mfoui i atbi> 

NBKVE-FIBRFS, AFTER IRKATMFNT 
WITH OBMK AUI>>MIOWlNG IJtlL AXIB* 
(YllNDER, ARD PHI MEPUl LARY A|;)> 
PRIMTIIVE SHKATWS, 

A. Node of Banvier B, Middle of an inters 


course of the peri- 
^ phoral nerve-fibres, 
the axis-cylinder at 
these places being 
encompassed only by 
the primitive sheath. 
Hence the primitive 
sheath appears at 
* these spots to pro 
fluce a constriction 
111 the nerve-fibre, 
and the interruptions 
of the medullary 
sheath are aceoid- 
ingly known as the 
constrictmisor nodes 
of lianvier (fig. 81, 
It, E ; fig. 83, L), the 
term nodes bemg ap- 
plied fi om the resem- 
blance which they 
bear to the nodes 
of a bamboo. The 
length of ner\e be- 
tween two successive 
nodes may be termed 
an internode ; in the 
middle of each iiiter- 
uode IS one of the 
nuclei ol Schwann’s 
sheath. Besides 
these interruptions 
tlie medullai^ sheath 
sliows a variable 
number of oblique 
(•lofts (fig. 83) which 
subdivide it into 
iiregular portions, 
which have been 
termed medullary 
segments, but there 
is reason to believe 
that the clefts are 
artificially produced. 
Osmic acid stams the 


node with nucleus, c, axis-cyliudep, pro 
jectmg, j>, primitive sheath within which 
the meduUary sheath, which is stained daik 
by the o<iidio acid, is somew hat retracted. 


Fig. 83. — Nfem** 

FIBRE SJA1NH> 
>\11|I OBMK AU1> 


medullary sheath 
black. 
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The mu-cylindeTf which runs along the middle of the nerve-fibre, 
is a soft transparent thread which is continuous from end to end of 
the nerve. 

On account of the peculiar refractive power of the medullary sheath 



Fmi. 85. — Axi«i- 

rVLIMUfilt, IIiailLY 
«HOW- 

INO TMK FIBRILS 
C03tfl*09lN0 IT. 



Fig. 86. — Portion op tub 

NETWORK OP FIBRES OF 
KrMAK FROM THE PNRUSKH 
UAHTRIC OF THE DOG. 

A, nacleu^; Py protoplasm Bur> 
ronndlng it ; by stmtion caused 
by fibrils. 


m 
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Fro. 87.— A small bundle op 

NERVK-riBRFS FROM THF. 
HYMFATULTIC NERVE. 

The bundle is composed of pale 
nerve-fibres, with the exception 
of the fibre m, m, winch is en- 
closed here and there by a thin 
medullary sheath; n, », nuclei 
of pale fibres. 


it is difficult to see the axis-cylinder in the fresh nerve except at the 
nodes, where it may be observed stretching across the interruptions in 
the medullary sheath, and it may also sometimes be seen projecting 
from a broken end of a nerve-fibre. It is longitudinally striated, being 
really made up of exceedingly fine fibrils (ultimate fibrils^ fig. 85), 
which are darldy stained by chloride of gold. Staining with nitrate 
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of silver produces a curious transversely striated appearance in the axis- 
cylinder, but it is not known if this indicates a pre-existent structure. 

Intermingled with the medullated fibres there may always, even in 
the cerebro-spinal nerves, be found a certain number of pale fibres devoid 
of the dark double contour which is cha^’acteristic of the presence of 
a medullary sheath. There are the non-meduUated fibres, also called, 
after their discoverer, ofBemak (fig. 86), They frequently branch, 
wjiich the medullated fibres never do except ij^ear their termination, 
and they are beset with numerous nuclei which perhaps belong to a 
delicate sheath. The sympathetic nerve is in many animals chiefly 
made up of fibres of this nature, but in some animals, on the other 
hand, most of the fibres of the sympathetic possess some small amount 
of medullary sheath (fig. 87). 



Fig, Sft.—SKriioN ot tiik savhknous nkrvk (iumak), made aukr being 

STAINED IN 0«.MK’ ACtl) AND SDBSKQUENTI,Y HARDENED IN Al COBOL. 

(Drawn a« seen under a very low niagni^ ing power.) 


fp, epinenrium, or ceueral shcatli of the nerre, con^8tlng*of connectlye-tissuo bundles of 
yaiiable siae separated by cleft-like areola?, wbicb appear as a nrtwork 
liere and there fat-cells and hlood-resselb : /, f, funiculi ene’ewed In tbeir lamellatj^ 
oonneotire-twsue sheaths (perineurium, p) ; ewd, interior 

ends of the medullated nerre-flbres, which are embedded in the connectire J**j,‘*” 

the funiculus (endoneunum). The fat-cellfi and the nerre-fihns are dark!} stained by the 
08mic acid, but the connective tlabue ot the nerve Is onl; slightly stained. 


Structure of the nerve-trunks. — In their course through the body 
the nerve-fibres are gathered up into bundles or funiculi, and the 
funiculi may again be united together to form the nerves which we 
ineet with in dissection* The connective tissue which unites the 
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funictili and invests the whole nerve, connecting it to neighbouring 
parts and conveying to it blood-vessels, lymphatics, and even nerve- 
fibres destined for its coats, is termed tlie e 2 )inenrmm (fig. 88, ep). 
That which ensheaths the funiculi is known as the perineurium (fig. 
88, per). It has a distinctly lamellar structure (fig. 89, p)y the lamellfle 



cw 


Fig. 89 . — Part of a siation of one of tiik funicvli of the sciatic nekvb 
OF MAN. (Magnified.) 

/», perineurium, consisting of a number of closely arranged lameli®. En, processes from the 
perineurium, passing into the interior of the funiculus and bct*oming continuous with the 
endoneurium, or delicate conneetiye tissue between the ncrve-libres. The coimeetive- 
tiasne fibrils of the endoneurium are seen cut across as fine points, often appearing to en- 
Bheath the uerre-fibres with a circle of minute dots (fibnl-shcath o1 Key and llotKius). 
Nuincroub nuclei ot connect jye-tissue cells are embedded in the endoneurium ; r, section 
ol a blood-ycssel. 

being comi>osed of connective tissue and covered on both surfaces by 
flattened epithelioid cells (fig. 90). Between the lamelh |nre clefts for 
the conveyance of lymph to the lymphatics of the epineurium. The 
delicate connective tissue which lies between the nerve-fibres of the 
funiculus is the endoneurium (fig. 88, end ; fig. 89, En). It assists in 


Fig. 90 . — Nervk-funicvlih 

STAINED WITH NITRATE OF filL- 
^ KR, SHOWING THE OUTLINES OF 
EPITHKUOID CELLS OF THE 
PEIIINKURIUM. 

The dark crobses on the nerre-flbres at 
the nodcb of Ilanyicr are due to the 
staining of the axis-cylinder and of 
a bond ol intercellular substance 
which encircles the axis-cylinder at 
the node (constricting band of Hun- 
yier ). 


supporting the longitudinally arranged meshwork of blood-capillaries, 
and its interstices communicate with the lymphatic clefts of the 
perineurium. 

The nerve-trunks themselves receive nerve-fibres {nefvi nervorum) 
Vhich ramify chiefly in the epineurium and terminate in this in end- 
bulbs. 
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. LESSON XVIIL 

STRUCTURE OF NERVE-CELLS. 

1. Tbase in Farrant’s solution or in dilute glycerine a small piece of a spinal 
ganglion that has been preserved with osmic acid. Notice the spheroidal 
ganglion-cells ; their large nuclei and distinct nucleoli. Look for cells which 
still retain the axis-cylinder process and for T -shaped junctions of nerve- 
fibres with this. 

2. Prepare a piece of sympathetic ganglion in the same way. Cells may 
be found with throe or more axis-cylinder processes. If from a rabbit observe 
that the cells are bi-nucleated. 

3. Mount stained sections of ganglia in Canada balsam. These will serve 
to show tlie arrangement of the cells and fibres in a ganglion and the 
nucleated sheaths around the ner\ e-cells. 

4. Tease out a portion of the grey matter from a piece of spinal cord that 
has been a day or two in dilute chromic acid (“ per cent.). Before covering, 
look for the nerve-cells with a low power, and if possible get out one or two 
clear of the surroxmding substance. Mount in water with a thick hair under 
the cover-glass. Notice the large branching cells some with a mass of pig- 
ment near the nucleus, Observe the fibrillation of the cell-processes. Notice 
also the reticular character of the tissue in which the cells are embedded. 
Many axis- cylinders will be seen in this preparation deprived wholly or 
partially of their medullary sheath, and their fibrillar stnicture can then also 
oe well seen. Carefully sketch these appearances. To keep this preparation 
run very dilute logwood solution or osmic acid under the cover-glass, and 
when the cells are stained aUow a drop of glycerine to pass in by diffusion. 

Measure two or three cells in each of the above preparations. 


ITerve-cells only occur in the grey matter of the nerve-centres, and 
in little groups on the course of certain of the peripheral nerves, these 
groups often causing nodular enlargements of the nerves, which are 
known as ganglia. The most important ganglia are those which are 
found upon the posterior roots of the spinal nerves, upon the roots of 
some of the cranial nerves, and upon the trunk and principal branches 
of the sympathetic nerve. Minute ganglia are also found very nume- 
rously in connection with the nerves which are supplied to involuntary 
muscular tissue, as in the heart, alimentary canal, bladder, uterus, &c. 
Nerve-cells vary much in size and shape ; they are mostly large^;^ 
some being amongst the largest cells met with in the body, 
others are quite small. The nucleus is generally large, clear, ^ 
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spherical, with a single large and distinct nucleolus. The shape 
depends a good deal on the number of processes, and the manner 
in which they come off from the cell. If there is but one process, 
the cell is generally spherical. This is the case with the cells of the 



Fia. 91 . — Cell f rom a spinal ganglion, 

shf nnoleatccl bheath of the cell ; n', the nerve fibre ■wliicU the single procebs of the cell, 

afttr a number of coils, jouib. 




Fig 92.— Gang! TON cFLL oi a Fio. 98. — A oAXor lov-cm L ^tnl^N its 

KSOO, HIGHLY MAONlFl£.l>. MIKATIJ J YBOM IHK HI MAN SYMPAIHETIU 

«, a, straight fibre ; ft, coiled fibre ; (Highly inagiufied.) 

e, smaller one joining it. 

Spinal ganglia (fig. 91) ; in these the single process, after a short 
eourse, joins one of the nerve-fibres which is traversing the ganglion. 
When there are two processes, they often go off in opposite directions 
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from the cell, which is thus rendered somewhat spindle-shaped, but 
occasionally they emerge at the same part, and the cell, being tapered 
in their direction, becomes pyriform (fig. 92). In these cases one fibre 
often coils spirally round the other (fig. 92, h) before they separate to 
proceed in opposite directions as the axis-cylinders of nerve-fibres. 
When there are three or more processes, the cell becomes irregularly 
angular or stellate. Sometimes, as in the sympathetic ganglia (fig. 98), 
aUl the processes appear to become nerve-fibres^ but in otlier instances, 
as in the large cells of the grey matter of the spinal cord, only one 



Fig. 94 — Nfrvkcell i<rom spinal cord oh o\, isolvifd ai'ter ma(Lraiion 
IN >FUY DiLUiL t HROMic ACID. (Magnifacd 1 76 diameters.) 

T|^e CPU has a wpU-dpflned, clear, round nucleus, and a bright nucleolus The cell processes 
arc seen to bo finely flbnllateci, the fibrils passing from one process into another through 
the body of the coll, n, avis-o^ Imder process broken a short distance fiom the cell 


process becomes the axis-cylinder of a nerve-fibre (process of Deiters), 
the others dividmg and subdividing in a ramified manner until their 
further course can no longer be traced. Their ultimate branches 
appear to lose themselves in a network which pervades the whole of 
the grey matter. 

According to the number of their processes, nerve-cells are termed 
uni-, bi-, or multi-polar. 

Many nerve-cells, and notably those of the spinal cord, have a finely 
fibrillar structure. The fibrils can be traced into the branches of the 
cells and into the axis- cylinders of nerve -fibres which are connected 
with the cells (fig. 95). Otherwise the cells have a finely granular 
appearance ; often with a clump of black, brown, or yellow pigment- 
granules placed at one side of the nucleus. 
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la the gaaglia the aerve-oells have a nucleated i^eath (figs« 91-^ 
98) which is continuous with the primitive sheath of the nerve^fibres 
with which they are connected. In the spinal ganglia, and in many of 
the ganglia at the roots of the cranial nerves, the cells are unipolar, 



and the cell-process jouis a traversing nerve-fibre by a T-shaped 
jraction (fig. 91). In the sympathetic ganglia they are multipolar. 
The cells are disposed in aggregations of different size, separated by 
the bundles of nerve-fibres which are traversing the ganglion (fig. 96). 
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The ganghon if large is enclosed by an investing capsule of connective 
tissue which is continuous with the epi- and pen-neunum of the 
entering and issuing nerve trunks. 

The structure of the nerve centies and the arrangement of the 
cells and fibres in them are given m Lessons XXXVI. to XXXIX. 



1 IG % — I DNGin DIN Vt SUIlOX TUI Ol ( H 1 HI MIDDI I Ol VOVNOflONON 
nil lOSlIRlOU HCK)! Ol oNl Of llll MRVI-SOl IUFIK>G, AS 

HV\S INDFU A low M V( Nil YlNtl 1 OWEK 

a n^rve root entering the ganglion b fibres leaving tl t gingliou ti 30m the mive I spinal 
nerve c (onnectivc ti<=tsue c( it of the gingliou I inmijal gioup if uervt cdls with 
fibres paissiiig down from ini tlu nlW probably to unite with thi longitudinally 
cour'^ing nerve fibres bj T hai 1 1 luiiclions 

Development — The cells and fibres of the nervous tissue are 
developed from cells deiived from the ectodenn or epiblast of the embryo. 
The nerve fibres are at fust developed as pale fibres hke the fibres 
of Kemak , it is uncertain whether they aio formed by the coalescence 
of a number of cells, oi whether they grow out as the processes of 
neive cells Tlie niedullaiy sheath is subsequently added 

When a nerve is out, the fibres beyond the section as far as their 
terminations undergo a process of degeneration, tlic medullary sheath 
being bioken up and the axis cylinder iiiteirupted and eventually 
absorbed. New nerve fibres are at length pioduced by a growth of the 
axis cylinders in the pioximal end of the nerve. 
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LESSON XIX. 

MODES OF*TESMTNATION OF NERVE-FIBRES. 

1. Shell out a Pacinian coipuscle from a piece of oat’s mesentery which has 
been kept for two or three days in ^ por cent, chromic acid, and clear it as 
much as possible of adherinfj fat, out be careful not to prick or otherwiso 
injure the corpuscle itself. Mount in water with a thick hair to prevent 
crushing with the cover-glass. Sketch the corpuscle under a low power, and 
afterwards draw under a high power the part of the core where the nerve 
enters and the part where it teimmates. Notice the fibrous structure of the 
lamellar tunics of the corpuscle and the oval nuclei belonging to flattened 
epithehoid cells which cover the tunics. The distinct lines which when seen 
in the fresh corpuscle are generally taken for the tunics, are really the optical 
sections of these flattened cells. 

2. Mount in Farrant one or more sections of a rabbit’s cornea which has 
been stained with chloride of gold. Notice the arrangement in plexuses of 
the darkly stained nerve-fibres and fibrils, (1) in the connective-tissue sub- 
stance, (2) under the epithelium and (3) between the epithelial cells. Make 
one or two sketches showing the arrangement of the fibrils. 

8. Spread out a small piece of muscle which has been stained with 
chloride of gold by Low it’s method, and examine it with a low jiower to find 
the nerve-fibres crossing tlie muscular fibres and distributed to them. 

Try and separate those parts of the muscular fibres to which nerves 
appear to go, and mount them in glycerine. Search thoroughly for the close 
terminal ramifications (end-plates) of the axis-cylinders immediately within 
the sarcolemma. 

It is rather difficult to dissociate the fibres, and much patience is some- 
times required in searching for the nerve-terminations, but when they are 
found the trouble is amply repaid.^ 


Modes of ending^ of sensory nerve-fibres.— Nerve-fibres which are 
distributed to sensory parts end either in special organs or in terminal 
ramifications or plexuses. There are three chief kinds of special 
organs, termed Ay Pacinian corpuscles ^ tactile corpuscles^ and 

end-bulbs. In the tactile corpuscles and end-bulbs the connective- 
tissue sheath of a medullated fibre expands to form a somewhat solid 
bulbous enlargement, which is either cylindrical or spheroidal in the 
end-bulbs and ellipsoidal in the tactile corpuscles. In both kinds of end- 
organ there is a capsule of connective tissue within which is generally 
a sort of core containing numerous nucleated cells. As the nerve-fibre 
enters the corpuscle (which in the tactile corpuscle only happens after 
it has reached the distal part of the corpuscle having wound spirally 

* For methods of staining with chloride of gold see Appendix. 
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once or twice round it) it loses its sheaths and is prolonged as an axis- 
cylinder only, which terminates after either a straight or a convoluted 
course within the organ (see figs. 98 to 101). Tactile corpuscles occur 



Fio,98.-^Tactilb CORPUSCLE Fig. 99.— Simple tactile Fig. 100.— CTLtynnicAL 

WITHIN A PAPILLA OF THE END-ORGANS FROM THE KND-RULB FROM THB 

SKIN OP THE HAND, STAINED CLITORIS OF THE RABBIT. CONJUNCTIVA OP THE 

WITH CHLORIDE OF GOLD. CALF. 

Ths ooliTolutloiis of the nervo- 
fihres within the corpawle are 
•een. epidermic. 
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Fig. 101.— ENi>-BrLB >rom iuk human 

CONJUNCTIVA. 

ti, iKioleated capsule ; 6, core, the outlines of 
it 9 cells are not seen; c, entering fibre, 
t>nvnchiiig. and its two divisions passing to 
terminate in the core at d. 
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Fio. 102. — Tactile coupusclks from the 
buck’s tongue. 

A, composed of three cells, with two interposed 
disks, into which the axis-cylinder of the nerve, 
»i, is observed to pass ; in B there is but one 
tactile disk enclosed between two tactile cells. 




Fig. 103.— Magnified view of a 
Pacinian body from the cat’s 
inessktbry. 

Stalk witbi nerve-fibre pasting to the 
oorptiscle. One or tan capillaries are 
also seen Issuing from It between the 
tonics. 
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Flu. 104,— Part of Pacinian body, aHowiNo 

THE nerve-fibres ENTERING THE CORE. 

From an osmic acid preparation. 

ffi«, entering nerve-fibre, the medullary sheath of 
which is stained darkly, and ends abruptly at the 
core ; ns, prolongation of primitive sheath, passing 
towards the outer part of tlie core ; c./. axis-wUn- 
der passing through the core of the central we: 
c, some of the inner tunics of the corpuscle, enlarm 
wliexe they abut against the canal through which 
the nerve-fibre passes— the dots within them are 
f eotions of the fibres of which they arc eotnpofed ; 
n, nuclei of the tunics; nuclei of the enfio- 
neurium, continued by others in the outer part of 
the core. 
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in some of the papiUsB of the skin of the hand and foot, in sections of 
which they may be afterwards studied (see Lesson XXIII,) End-bulbs 
are found in the conjunctiva of the eye, where in most animals they 
have a cylindrical or oblong shape (fig. 100), but in man are spheroidal 
(fig, 101), They have also been found in papillas of the lips and 
tongue, and in the epineurium of the nerve-trunks, and somewhat 
similar sensory end-organs also occur in the integument of the external 
genital organs of both sexes (fig, 99). In the i^kin covering the bill, 
and in the tongue of certain birds (e.g. duck), a simple form of end- 
organ occurs, consisting of two or more cells arranged in rows within 
a capsule, with the axis-cylinder terminating in flattened expansions 
between the cells {corpuscles of Grandry, fig. 102). 

The Pacinian corpuscles are larger, and have a more complex 
structure, than the tactile corpuscles and end-bulbs (fig. 103). They 
are composed of a number of concentric coats arranged like the layers 
of an onion, and enclosing the prolonged end of a nerve-fibre. A single 
medullated nerve-fibre goes to each Pacinian corpuscle encircled by 
a prolongation of perineunum, and within this by endoneurium ; when 
it reaches the corpuscle, of which it appears to form the stalk, the 
lamellae of the penneurium expand to form some of the tunics of the 
corpuscle. The neiwe passes on, piercing the other tumcs, and still 
provided with medullary sheath, and surrounded by endoneurium, to 
reach the centre of the corpuscle. Here the endoneurium is prolonged 
to form a sort of soft cylindrical core, along the middle of which the 
nerve-fibre, now deprived of its medullary and primitive sheaths, passes 
in a straight course as a simple axis-cylinder (fig. 104, c. /.) to termi- 
nate at the farther end of the core m a bulbous enlargement. Occa- 
sionally the fibre is branched. 

The tunics of the corpuscle are composed of connective tissue, the 
fibres of which for the most part run circularly. They are covered on 
both surfaces with a layer of flattened epithelioid cells, and here and 
there cleft-like lymph-spaces can be seen between them hke those 
between the layers of the perineurium (see p. 74). 

When sensory nerve-fibres terminate in plexuses, they generally 
branch once or twice on nearing their termination. The sheaths of the 
fibres then successively become lost, first the coimective tissue or peri- 
neural sheath, then the medullary sheath, and lastly the primitive 
sheath, the axis-cylinder being alone continued as a bundle of primitive 
fibrils (fig. 106, n). This branches and joins with the ramifications 
of the axis-cylinders of neighbouring nerve-fibres to form a primary 
plexus. From the primary plexus smaller branches {a) come off, and 
these form a secondary plexus (e) nearer the surfeice, generally imme- 
diately under the epithelium if the ending is in a membrane covered by 
that tissue. Finally, from the secondary plexus nerve-fibrils proceed 
and form a termini plexus or ramification amongst the epithelium- 
cells (fig. 106, p), the actual ending of the fibnls being generally in 
little knob-like enlargements (6). Such a mode of ending in terminal 
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plexases is most characteriBtically seen in the ootnea of the eye. The 
nerve-fibrils may be brought distinctly into view by stainin g ^Hh 
chloride of gold, and then the fibrillar structure of the ramifications of 
the axiB-cyUnders also becomes very apparent. 


ft h 



Fig. lOT.—Ni uvi-em)jng jn wuscilae iibek oi a ii/aiu) (Lacerta 
viridis). 

, end plate seen edgev^ays, h from the surfticc, « sarcolemma , f> p, eTpanhion of axls^ 
cylinder. In & the expansion of tht axiscjlmder appears as a clear iKt\\ork hraiiclung 
from the divisions of the mulullated fibres 



Fig* 108 — ^Terminal eamti icviioxs or Tin axis c ^ i indi k in fmm i aikh 
o* MUSCLE, STAINED "Willi CHLORIDE oi GUI D. (Kamier.) 

Ending of motor nervoB.— Lastly the nerves to muscles also ter- 
minate either in special orgam or m pleavses. The latter is the case 
■with the nerves going to involuntary musde, and here the primary 
plexuses are generally furnished with ganglion-cells m abundance* 
From these other nerve-fibres pass which form secondary plexuses and 
terminal ramifications amongst the contractile fibre-cells. These 
nerves will be more fully studied in connection with tlie intestine (see 
Lesson XXIX*) 
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In Tolvattry QBSoie the nems, which are always medoUated, tear* 
mioate in epeciid organs, the so-called end-plate». A medoUated fibre 
wiU branch two or three times before terminating, and then eaeb 
branch passes straight to a muscular fibre. Having reached this, the 
primitive sheath of the nerve-fibre is continued into the sarcolemma of 
the muscle, the medullary sheath stops short, and the axis-cylinder 
ends in a close terminal ramification with vancosities upon its branches 
(figs. 107, 108). This ^mification is embedded in a granular nucleated 
protoplasmic mass which lies between the sarcolemma and the cross- 
stnated muscular substance. In some cases the ramification is 
restricted to a small portion of the muscular fibre, and forms with the 
^granular bed a slight prominence (eminence of Doy^re). This is the 
case in mammals. In the lizard the ramification is rather more 
extended than in mammals, whilst in the frog it is spread over a 
considerable length of the fibre. 
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LESSON XX. 

STRUCTVBE OP THE LABGEIt BLO*OD-VESSELf{. 

1. Sections of a medium -sized peripheral artery and vein. In this pre- 
paration the limits of the vasoular coats can be well seen and also the differ- 
ences which they present in the arteries and veins res])ectively. The sections 
may either be stained with hspmatoxylin and mounted in Canada balsam, or 
they may be stained in dilute magenta and mounted in glyceruie and water. 

2. Moimt in Canada balsam a thin slice cut from tlie inner surface of an 
artery which, after liaving been cut open longitudinally and washed with 
distilled water, has been treated with nitrate of sill er solution and exposed to 
the light in spirit. ^I'liis preparation will sliow the outlines of tlie eiiithelioid 
cells which line the \ essel. 

3. A piece of an artery which has been macerated for two or tlirce days 
in 30 per cent, alcohol (1 i)art rectified spirit to two parts water) is to be 
teased so as to isolate some of the muscular cells of the middle coat and 
portions of the elastic layers (networks and fenestrated membranes) of the 
inner and middle coats. The tissue may be stained cautiously with dilute 
logwood solution, and glycerine afterwards added. The muscular cells are 
recognisable by their irregular outline and long rod-shaped nucleus. Sketch 
one or two and also a piece of fenestrated membrane. 

4. Transverse section of aorta. Notice the differences in structure 
between this and tlie section of the smaller artery. 

5. Transverse section of vena cava inferior. Notice the comparatively 
thin layer of circulai* muscle, and outside this the thick layer of longitudinal 
muscular bundles. 

Make sketches from 1, 4, and .0, under a low power, from 2 and 3 under 
a high pow er. 


An axtery is usually described as being composed of three coats, 
an ijiner or elastic, a middle or muscular, and an external or areolar 
(fig. 109, 6, c, d). It would, however, be more coiTect to describe the 
wall of an artery as being composed of muscular and elastic tissue 
lined internally by a pavement-epithelium and strengthened externally 
by a layer of connective tissue. For the present, however, we may 
a^ere to the generally received mode of description. The inner coat 
of an artery is composed of two principal layers. The inner one is a 
thin layer of pavement-epithelkim (often spoken of as the endothelium), 
the cells of which are somewhat elongated in the direction of the axis 
of the vessel (fig. 110), and fonn a smooth lining to tlie tube. After 
death they become easily detach^. Next to this comes an elastic 
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layer in the form either of elastic networks or of a f^neBtrotted 
hrane^ In some arteries there is a layer of fine connective tissue in- 
tervening between the epithelium and the fenestrated membrane (swJ- 
epithelial layer). 



Fio, 109.— TbANS\ ERSE 8KCXION Of TART OF THE ^AIL OF THE POSTERIOR TIBIAR 
ARTFUY, (75 diameters.) 

n, epithelial and sub epithelial lajers of inner coat , 6, elastic la;er (fenestrated membrane) of 
uin^ ooat, appearing ab a bright line m section , c, muse ular layer (middle coat) , d outer 
coat, consisting of connectivo-tiwue bundles In the interstices of the bundles are some 
connettire-tissue nuclei, and, ospeoialh near the muse ul u coat, a number ot elastic fibres 
cut across 




Fio. IIO^Epithelial iater itning 

IHF POSTFRIOR TiniAb ABTFRY. 

(250 diameters.) 


Fig. Ill— Pcmxiov of ffnfhtba- 

Tri> M! MURANF IROM AN ARTFRY, 

(Toldl ) 

u, c, perforations. 


The middle coat consists mainly of circularly disposed plain mus- 
cular fibres, but it is also pervaded in most arteries by a network of 
elastic fibres which are connected with the fenestrated membrane of 
the inner coat and are sometimes almost as much developed as the 
muscular tissue itself. This is especially the case with the larger 
arteries such as the carotid and its immediate branches, but in tfae 
smaller arteries of the limbs the middle coat is almost purely composed 
of muscular tissue. 


STRUCTOBE OF THE I-ABGEB BLOOD-VESSELS m 

3^6 out 0 T codt is foriBBd of oonnoctive tissue with a good xuauy 
elastic fibres, especially next the middle coat. The strength of an 
artery depends largely upon this coat ; it is far less easily cut or tom 
than the other coats, and it serves to resist undue expansion of the 




Fio. 112,— KLAsnr nkt- 

WUliK OF ARTKliy. 

(Toldt.) 


Fig. 113. — Muscular fibri<>( klls from 

SUPERIOR THYROID ARTERY. (310 
diameters.) 



Fig. 114. — Section ok thoracic aorta as seen under a i.ow power, ('loldt.) 

a, the inner coat consisting of three layers, viz. : 1. Epitbelimu seen as a fine line. 2. Sub- 
epithelial. 8. Elastic layers. In the part of the inner coat, at its junction with the 
middle, a layer of longitudinal muscular fibres is represented as cut across. &, middle coat 
with Its elastic membranes ; c, outer coat \vith t\^o vasa vasorum. 


vessel. Its outer limit is not sharply marked, for it tends to blend 
with the surrounding connective tissue (hence it has been termed 
tunica adventitia). 

Variations in structure,'-‘The *€U)rta (fig. 114) differs in sonie 
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m structure from an ordinary artery. Its inner coat contiins 
a considerable thickness of sub>epithelial connective tissue, but its 
elastic layers are chiefly composed of fine fibres, and are not especially 
marked off from those of the middle coat, so that the inner and middle 
coats appear almost blended with one another. On the other hand, there 
is a very great development of elastic tissue in the middle coat, this tissue 
forming membranous layers which alternate with layers of the mus- 
cular tissue. A good ^eal of connective tissue also takes part in the 
formation of the middle coat, so that the wall is unusually strong. 
The inner and middle coats constitute almost the entire thickness of 
the wall, the outer coat being relatively thin. 

The other variations which occur in the arterial system chiefly 
have reference to the development and arrangement of the muscular 
tissue. Thus in many of the larger arteries there are longitudinal 
muscular fibres at the inner boundary of the middle coat, and in some 
arteries amongst the circular fibres of the middle coat. This is the case 
in the aorta. In some parts of the umbilical arteries there is a com- 
plete layer of longitudinal fibres internal to the circular fibres and 
another external to them, whilst tlie amoixnt of elastic tissue is very 
small. Longitudinal fibres are also present in some other arteries 
(iliac, superior mesenteric, splenic, renal, &c.), external to the circular 
fibres, and therefore in the outer coat of the artery, \ The larger 
arteries themselves receive blood-vessels, rasa vasorum, which ramify 
chiefly in the external coat. Nerves, derived for the most part from the 
sympathetic system, are distributed to tlio muscular tissue of the 
middle coat. 

The veins (fig. 115) on the whole resemble the arteries in structure, 
but they present certain differences. In the infernal coat the same 



Fio. 116.— Tran bAKRsK bEcnoN of part of the wall of onf oi< hie posterior 

TIBIAL \EI»S (man). 

o, epithelial and snb-epithelial lavora of inner coat , Uaetic layers of inn^ ooat ; e, middle 
coat consisting of irrognlai lasers of moscalar tissue, alternating with connectire tissue, 
and passing someAvliat gradually into the outer connective tissue and elastic coat, d, 

layers may be present, but the elastic tissue is less developed and seldom 
takes the form of a complete membrane* The epithelium-cells are 
less elongated than those of the arteries. The imddle coat (o) contaius 
Jess elastic tissue and also less muscular tissue, being partly occupiM 
by bundles oi white connective-tissue fibres* These are derive 
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from the external coat, which id relatively better developed in the veins 
than in the arteries, so that, although thinner, their walls are often 
stronger. 

Many of the veins are provided with valves, which are semilunar 
folds of the internal coat strengthened by a little fibrous tissue : a few 
muscular fibres may be found in the valve near its attachment. The 
layer of the inner coat is rather thicker, and the epithelium-cells are 
nlbre elongated cm the side which is subject to friction from the current 
of blood than on that which is turned towards the wall of the vessel. 

Variations in different veins . — The veins vary in structure more than 
do the arteries. In many veins longitudinal muscular fibres are found 
in the inner part of the middle coat, as in the iliac, femoral, umbihcal, 
&c. ; in others they occur external to the circularly disposed fibres, and 
are described as belonging to the outer coat. This is the case in the 
inferior vena cava and also in the hepatic veins and in the portal vein 
and its tributaries. In the superior and in the upper part of the inferior 
vena cava the circular fibres of the middle coat are almost entirely 
absent. The veins of the following parts have no muscular tissue, 
viz. pia mater, brain and spinal cord, retina, bones, and the venous 
sinuses of the dura mater and placenta. 

It is only the larger veins and especially those of the limbs that 
possess valves. They are wanting in most of the veins of the viscera, 
in those within the cranium and vertebral canal, in the veins of the 
bones, and in the umbilical vein. 
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LESSON XXI. 

SMALLER BLOOD-^VESSELS. LYMPHATIC SYSTEM. 

1. Take a piece of pia mater which has been stained with logwood, and 
separate from it some of the small blood-vessels of which it is chiefly 
composed. Mount the shreds in Farrant. The structure of the small 
arteries can be studied in this preparation, the nuclei of the epithelium and 
of the muscidar coat being brought distinctly mto view by the logwood. 
The veins, however, possess no muscular tissue. Capillary vessels which 
have been dragged out from the brain in removing the pia mater may also 
be seen in this preparation. Sketch two small arteiies of different sizes, 
giving also their measurements. 

2. Mount in Canada balsam a piece of the omentum of the rabbit stained 
with silver nitrate. The membrane should be stretched over a cork or a 
plate of glass, rinsed with distilled water, treated for five minutes with 1 per 
cent, mtrate of silver solution, again washed and exposed to the light in spirit. 
When stained brown the spirit is replaced by oil of cloves. Pj ces may now 
be cut off* from the membiane and moimted, as directed, in Ckiada b^sam ; 
they should include one or more blood-\es8els. 

This preparation is intended to show the epithelium of the smaller blood- 
vessels and accompany ing lymphatics and also the epithehum of the serous 
membrane. Sketch a small piece showing the epithelium of the a essels. 

8. Mount in Canada balsam a piece of the central tendon of the rabbit’s 
diaphragm which has been similarly prepared (except that the pleural surface 
has first been brushed to remove the superficial epithelium so as to enable 
the nitrate of silver more readily to penetrate to the network of lymphatic 
vessels underlying that surface). Obser\e the lymphatic plexus under a low 
power ; sketch a portion of the network. If the peritoneal surface is focussed, 
the epithelium which covers that surface will be seen, and opposite the clefts 
between the radially disposed tendon-bundles stomata may be looked for in 
this epithelium. 

4. Carefully study the circulation of the blood either in the web of the 
frog’s foot or in the mesentery or tongue of the frog or toad, or in the tail of 
the tadpole. 


The coats of the smaller arteries axid veins are much simpler in 
structure than those of the larger vessels, but they contain at first all 
the same elements. Thus there is a lining epithelium and an elastic 
layer forming an inner coat, a middle coat of circularly disposed plain 
muscular tissue, and a thin outer coat. The same dififerences also are 
Ibund between the arteries and veins, the walls of the veins being 
thinner and containing far less muscular tissue (fig. 116 ), and the 
lining epithelium^cells, much elongated in both vessels, are far longer 
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and narrower in the small arteries than in the corresponding veins 
(fig. 117). 

In the smallest vessels it will be found that the elastic layer has dis* 
appeared in the veins, and the muscular tissue is considerably reduced 
in thickness in both kinds of vessels. Indeed, it is soon represented 
by but a single layer of contractile cells, and even these no longer 
form a complete layer. By this time also, the outer coat and the 
elastic layer of the inner coat have entirely disappeared both from 
arteries and veins. The vessels are reduced, therefore, to the condition 
of a tube formed of pavement epithelium cells, with a partial covering 
of circularly disposed muscular cells. 

Even in the smallest vessels, which are not capillaries, the differ- 
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Flo. 116 — A SMAIl ARTFRY, A, WITH A CX)RRI SIH)\D1NG \EIV, B, IRFATKD WITH 
ACFTic ACID. (Ma^ified 360 diameters.) 

(I, external coat with elongated nuclei , 6, nuclei of the transverse muscular tissue of the 
middle coat, (when seen endwise, as at the sides of the vcbstl, their outline is circular) , 
r, nuclei of the epithclium-cells , d, elastic layers of the inner coat 

ences between arteries and veins are still manifested. These differences 
may be enumerated as follows : — The veins are larger than the corre- 
sponding arteries ; they branch at less acute angles ; their muscular 
cells are fewer, and their epithelium-cells less elongated ; the elastic 
layer of the inner coat is always less marked, and sooner disappears. 

Capillary vessels. — When traced to their smallest branches, the 
arteries and veins eventually are seen to be continued into a network 
of the smallest blood-vessels or capillaries. The walls of these are 
composed only of flattened epithelium-cells (fig. 118) continuous with 
those that line the arteries and veins ; these cells can be exhibited by 
stiaining a tissue with nitrate of silver. The capillaries vary somewhat 
iu size and in the closeness of thdr meshes ; their arrangement in 
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porta, whiob is mamly detenmoed b; the dispoi^oa of (he 
Usaae-ctmeata, m»j best be studied when the stractore of the sevend 
(wguns is considered. 

In the transparent parts animals, the blood may be seen flowing 
through the capillary network from the arteries into the veins. The 



FmH. 117.— a small artebt, -4, avd vein, F, from ihk suBCUXAvroufi connective 

TlSfltTE OF THE RAT, TREATED WIIH NllftAlE Ob StL\ER. (175 diameters.) 

a, epitheloid oells \tith b, their nuclei, m, m, trauHTerse markings due to staining of 
sntNTtance between the muscular fibre-cells, e, c, uuolei of connective-tissue corpuscles 
attached to exterior of vessel. 


current is very rapid in the small arteries, somewhat less so in the 
veins* and comparatively slow in the capillaries. The current is fastest 
in the centre of the vessel, slowest near the wall (inert layer), and 
^th care it may be observed— especially where there is any commen* 
Cing inflammation of the part* as in the mesentery in consequence of 
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wipoatire— that the white blood-corpuscles, which always tend to 
pass into the inert layer, and to adhere occasionally to the inner sur- 



Fig 1 18 .-— (\u*ii lahy vi.ssllm ikom 

THb BLADDEli OI IHK CAT, MACi- 
NIULl). 

Tlic outline's of the ( ells .irr hUined by nitiate 
of silver. 
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The airows indu .ite the course of the 
blood. 


lace of the blood-vessels, here and there pass through the coats of the 
small vessels, and appear as migratory celh in the surrounding 
connective tissue. 


LYMPHATIC SYSTEM. 

To the lymphatic system belong not only the lymphatic vessels and 
lymphatic glands ^ but also the cavities of the serous membranes, which 
are moistened with lymph and are in open communication 'with the 
lymphatic vessels in their parietes. 

The larger lymphatic vessels somewhat resemble the veins in 
structure, except that their coats are much thinner and their valves 
much more numei'ous. In lymphatics of somewhat smaller size, the 
wall of the vessel is formed, first, by a lining of pavement-epithelium 
cells (endothelium of some authors), which are elongated in the direc- 
tion of the axis of the vessel ; and, secondly, by a layer of circularly and 
obliquely disposed muscular fibres. In the smallest vessels {lymphatic 
capillaries), which, however, are generally considerably larger than 
the blood-capillaries, there is nothing but the epithelium remaining, 
and the cells of this are frequently not more elongated in one direction 
than in another, but have a characteristic wavy outline (fig. 121). 

L 3 miphatic 8 begin in two ways — either in the form of plexuses, as 
in membranes (fig. 120), or as lacunar interstices, as is the case in 
some of the viscera. 


THE ftSSENTUlS Of BlfflCOLOGY 


Xb order to show the lymphatio vessels, it is generally necessary to 
stain a tissue with nitrate of silver; but they may easily be in- 
jected by sticking the nozzle of an injecting canula into any tissue 
which contains them, and forcing coloured fluid under gentle pressure 
into the interstices of the tissue. 



Fig. 120. — Lymphatic plkxus of cektral tendon of diaphragm op uadbit, 

PLEURAD SIDE, 

a, larg69r tbssbIs with lAnoeolate cells and amnerous taIycs ; c, lyaiplifttio capillaries with 

wary-^bcardered cells. 

! In silvered preparations it may be observed that the lymphatics 
always appear in the form of clear channels in the stained ground-mib 
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Fig 121 — V sm vi r i vui ok lui iwiihmk iikmson ihi rmiRVL si ri- u e 
oi iHi DiviiiKAGM. (Magnilltd 1 10 dinnetcrh ) (Rinvici ) 

2«, 1 j mphatic vesst 1 clmijwknstif tpitlulium t cell spaces of the (oimcctivc tissue, 

bexo and thcic ibuttin^ e gaunt tlit liuipli ilit 



ilo, 122. — SmAI I PORIION Oi 1 I UIIONI A1 81 Rl At 1 Ot 1)1 VPIIR VOM OI- RAUmi, S1AINS.0 
WllH MTRATR OB SILVER TO SHOW THE SEHOl S BPllHLIIUM 

l3inph-channel btlow the surf u o, l^lng bctwttn tendon bundles i /, and over whieh the 
-auiraec cells aic seen to be idativtlv Hnnller, and to trhibit 1 im stomata ?,«» leading 
into the lympliatic The epithelium of the hiuphatit thoniiLl is not repicsented. 
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of the ooimective tissue, mi that their walls ate in close con* 
uectiou witli the cells and cell-spaces of that tissue. But, except in 
the case of Hie serous membranes, there is no open communication 
between the lymphatic vessels and the interstices (areolae) of the con- 
nective tissue. 

Development of the blood-vessels and lymphatics . — The blood- 
vessels and lymphatics are developed in the connective tissue or in the 
mesoblastic tissue which precedes it, the first vessels being formed *in 
the vascular area which surrounds the early embryo. Both kinds of 
vessels are developed from cells (vaso-formative cells) which become 
hollowed out by an accumulation of fluid in their protoplasm, and in 
the case of developing blood-vessels coloured blood-corpuscles may also 
be formed within these cells (see Development of Blood-corpuscles, 
Lesson II.) The cells branch and unite with one another to form a 
network, and their cavities extend into the branches. In the mean- 
time their nuclei multiply and become distributed along the branches, 
cell-areas being subsequently marked out around them. In this way 
intercommunicating vessels —capillaries containing blood or lymph — 
are produced (fig. 128). These presently become connected with 



Iro, 123. — Isoivill) CVPILLARY NFJWOUK POUMFD BY IIIF JUNCTION OF 
Sl\EUAl HOT TOWED (HI CFllS, AM) < OXIAININO ( OLOUKLD BIjOOD-COB- 
Pl toCLRS 1\ A < LFAR 1 1 UID. 


c, a hollovs cell the oaritv of which doc'j not yet coxnmunu ato with the netvkork , jn, p, pointed 
cell-processes, extending in different due< tions foi union with neighbouring oapillnries. 


previously formed vessels, which extend themselves by sending out 
sprouts, at first solid, and afterwards hoUowed out. It is not precisely 
known whether the larger blood-vessels and lymphatics are developed 
at first as capillaries, the muscular and other tissues being subsequently 
added, or whether they are formed as clefts in the mesoblastic tissue 
which become bounded by flatten^ cells. 

The serous membranes, which may conveniently be studied in con- 
nection with the lymphatic system, are delicate membranes of connec- 
tive tissue which surround and line the internal cavities of the body, 
and are reflected over many of the thoracic and abdominal viscera ; in 
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passing to which they form folds, witliin which blood-vessels, Ijrmpliatics, 
and netves pass to the viscera. 

The inner surface is lined by a continuous layer of pavement^ 
epithelium (fig. 122), which is very distinct in nitrate of silver prepa- 
rations. In some places there are apertures in the epithelium which 
lead direct into subjacent lymphatic vessels. These apertures are called 
stomata, and are surrounded by small protoplasmic cells (fig. 122, s, s). 
They are most numerous upon the peritoneal surface of the diaphragm, 
but are present in all serous membranes, and they serve to prevent any 
undue accumulation of lymph within the serous cavity during health. 
The pavement-epithelium rests upon a homogeneous basement-mem- 
brane, which is especially well marked iii the serous membranes of 
man. The rest of the thickness of the membrane is composed of con- 
nective tissue, with a network of fine elastic fibres near the inner 
surface. 

The cavities of the serous membranes are origmally formed in the 
embiyo as a cleft in tlie mesoblast (jilcuro-peritoneal split) which 
becomes lined with epitlielium, and its wall eventually becomes dif- 
ferentiated into the serous membrane. 

The synovial membranes, which aie often compaied with the 
serous membranes, and are indeed, like the latter, connective tissue 
membranes which bound closed cavities moist(‘ned with fluid, are not 
so intimately comiected with the lymphatic system, nor is the fluid 
(synovia) which moistens them of the nature of lymph, ^loreover, it 
is only here and there tliat theie is a Iming of epithehum-like cells, in 
place of the contmuous lining of epithelium which we find in the 
serous membranes. Curious viUus-likc projections occur in many 
parts ; they are covered by small rounded cells, and probably serve to 
extend the surface for the secretion of syno\ia. The bIood-\essels of 
synovial membi an es are numerous, and approach close to the inner 
surface of the membrane. 





LESSON XXIL 

LYMPHATIC GLANDS, TONSIL, THYMUS. 

%. Sections of a lympliatie gland which has been stained in bulk with magenta 
and embedded in paraffin.^ Notice (1) the fibrous and muscular capsule, with 
trabeculsB extending inwards fi*om it through the cortex and anastomosing with 
one another in the medulla, (2) the dense lymphoid tissue (adenoid tissue of 
authors) forming large masses in the cortex (cortical nodules) and rounded 
cords in the medulla (medullary cords). Notice also the clearer channel or 
lymph-sinus which everywhere intervenes between the fibrous tissue and the 
lymphoid tissue. Observe the fine fibres and branched ceDs which bridge 
across this channel. 

Make a general sketch under a low power of a portion of the cortex 
together with the adjoining part of the medulla, and under a high power 
drawings of small portions of cortex and medulla. 

2. In sections of tonsil prepared similarly to those of the ly^ mhatic gland, 
notice the large amount of lymphoid tissue only imperfectl;^ collected into 
nodules. Observe also that the stratified epitheliiun, which covers the mucous 
membrane here as elsewhere in the mouth, is infiltrated with lymph-cor- 
puscles. Here and there pit-like recesses may be met with glands opening 
mto the pits. 

3. A similar preparation of the thymus gland of an infant. Notice that 
the masses of lymphoid tissue which form the lobules of the gland are 
separated by septa of connective tissue, and that they show a distinction into 
two parts, cortical and medullary. Observe the differences of structure of 
these two parts, and especially notice the concentric corpuscles in the 
medullary part. 

Make a sketch of one of the lobules under a low power and of a small part 
of the medulla under a high power, including one or two concentric corpuscles. 
Measure the latter. 


Stmctore of a lympliatie gland. — A lymphatic gland is composed 
of a fibrous and muscular framework, which encloses and supports the 
proper glandular substance, but is everywhere separated from it by a 
narrow channel, bridged across by cells and fibres, which is known as 
the lymph-chamieL The framework consists of an envelope or capsule 
(fig. 124, c), and of traheculm {tr), which pass at intervals inwards 
from the capsule, and after traversing the cortex of the gland divide 
and reunite with one another so as to form a network of fibrous bands. 
At one part of the gland there is usually a depression (hilus), and at 
'the bottom of this the medulla comes to tine surface audits fibrous 
bands are directly continuous with the capsule. 


* See Appendix. 
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Sfhe proper glandular stibstance (L A.) is composed of lymphoid 
tissue, a fine reticulam with the meshes thickly occupied by lymph- 
eorpusoles. It occupies all the interstices of the gland, forming com- 
paratively large rounded masses in the cortex (lymphoid nodules, 0) 
between the trabecules, and smaller reticulating oord>like masses 
(lymphoid cords, M) in the medulla. 

The cells which bridge across the lymph-channel in the meduUa 
(fig. 125, c) are branching nucleated cells which often contain pigment, 
so that this part of the gland Las a dark colour. The lymph-channel 
is bridged across not only by these, but also by fibres derived from the 
capsule and trabeculse, which pass to the lymphoid tissue and become 
lost in its reticulum. But these fibres are often covered and concealed 
by the branched cells. 

Lymphatic vessels (fig. 124, a. I,) enter the lymph-channels after 
passing through the capsule, and the lymph is conveyed slowly along 
the channels of the cortical and medullary part towards the hilus, 
taking up many lymph-corpuscles in its passage. At the hilus it is 
gathered up by an efferent vessel or vessels [e. L) wliicli take origin in 
the lymph-sinuses of the medulla. 

An artery passes into each gland at the hilus ; its branches are 
conveyed at first along the fibrous cords, but soon pass into the 
lymphoid tissue, where they break up into capillaries (fig, 125, d). 
The blood is returned by small veins, which are conducted along the 
fibrous trabecula) to the hilus again. \ 



Fio. A LOBULit oi rfiK thymus oi a cini r> as sekn undlr a low power* 
c, (Jortex , M, medulla ; r, ooncentrio corpnaoles ; b, bloud-vcssels ; trabeculae. 


The tli3rmiu gland is a lymphoid organ which is found only in the 
ombiyo and during infancy. It is composed of a number of larger and 
smaller lobules (fig. 120), which are separated from one another by 
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si&pta of connective tissue, along which tlie blood-vessels and lymphatics 
pass to and from the lobules. Each lobule shows plainly, wlien 
examined with the low power, a distinction into an outer cortical and 
an inner medullary portion. The cortical part of the lobule is imper- 
fectly divided into nodules by trabeculaa of connective tissue, and is 
very similar in structure to the lymphoid tissue of the lymphatic 
glands and tonsils, but the medulla is more open in its texture, and 
tl>e reticulum is composed of larger, more transparent, flattened cells, 
and contains fewer lymph-corpuscles. Moreover, there are found in 



FUi 127. — Kllmlnis OF iiiL I’inMi s. (300 diameters.) ((’admt) 
a, Ijmpli-corpuscles ; concentric corpuscle. 


the medulla peculiar concentrically striated bodies (the concentric cor- 
puscleSf fig. 127), which are usually composed of a number of flattened 
cells arranged concentrically around one or more central cells. Some- 
times these corpuscles are compound, two or three being grouped 
together and similarly enclosed by flattened cells. The lymphoid 
tissue is abundantly supplied with capillary blood-vessels, and large 
lymphatic vessels issue from the organ, but in wliat way the latter arc 
connected with the lobules has not been ascertained. 

Lymphoid tissue occurs in many other parts of the body in addition 
to the lymphatic glands, tonsils, and thymus gland, although it may 
not, as in those structures, constitute the bulk of the organ. Thus it is 
found in many mucous membranes, such as those of the intestine and 
of the respiratory tract, both in a diffuse form and also collected into 
nodular masses which are like the cortical nodules of a lymphatic 
gland, and may, like those, be partially surrounded by a lymph-sinus. 
In the spleen also a large amount of lymphoid tissue is found sheathing 
the smaller arteries, and also expanded into nodular masses (Malpighian 
corpuscles of the spleen). In these organs it will, however, be studied 
in subsequent Lessons. 

Lymphoid tissue also occurs in considerable amount in the serous 
membranes, especially in young animals ; in the adult it is often trans- 
formed into appose tissue. The tissue is generally developed in con- 
nection with lymphatic vessels, an accumulation of retiform tissue and 
lymph-cells taking place either external to and around the lymphatic 
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Fig 128. — Dp vii.iopin(» i'imphviu noihips, prom nib omlnium op a guinea* 

PIG. 

A, i)eril>mphtttu notlule; a, lymphatic tcsmI , c, part of its ppithtlial Mall, seen m optical 
sootion , G lympb-corpuscles within the vessel , 6 , Ijmphoidtisgueof the nodule , d, blood- 
oapil lanes , B, eudolymplutic nodnle , ff, vein , ib, artery , r capillaries, d, a lympliatle 
vessel, in which this whole system of blood vessels is ouclo->od , e, lymphoid tissue within 
the lymphatic vessel , wall of the Ijmphatic m optical section 


the formation of iymplioid tissue occurs within it i^lndolymphatic 
nodule) (see fig. 128), 


LESSON XXIII. 


THE SKIN, 

1. Sbotions of skin from the palmar surface of the fingers. The sections 
are to be made vertical to the surface, and should extend down as far as the 
subcutaneous tissue. They may be stained with lof^wood or picro-carmine 
and mounted in Canada balsam. In these sections notice the layers of the 
epidermis and their different behaviour to the staining fluid. Notice also the 
papilhe projecting from the corium into the epidermis, and look for tactile 
corpuscles within them. In very thin parts of the sections the fine inter- 
cellular channels in the deeper parts of the epithelhmi (see Lesson VI. p. 22) 
may be seen with a high power. The convoluted tubes of the sweat-glands 
will be seen here and there in the deeper parts of the corium, and in thick 
sections the corkscrew-like channels by which the sweat is conducted through 
the epidermis may also be observed. Make a sketch allowing the general 
structure imder a low power, and other sketches to exhibit the most important 
details under a high power. Measure the tliickness of the epidermis and the 
length of tlie papillee. 

2. Sections of the skin of the scalp, vertical to the surface and parallel to 
the slope of the hair-follicles, and others parallel to the surface, and therefore 
across the hair-follicles. Stain and mount in the same way as in the last 
preparation. Examine also the stnicture of the hairs. 

In those preparations the details of structure of the hairs and hair-follicles 
together with the sebaceous glands and the little muscles of the hair-follicles 
are to be made out. 

8. Vertical sections across the nail and nail-bed, cut with a strong 
scalpel or razor. The sections are stained with heematoxylin or picro-carmine. 
Notice the ridges (not papillae) of the corium projecting into the epidermis. 
Observe also the distinction of the epidermis into Malpigliian layer and nail 
proper. 

4. Mount in Canada balsam a section from a portion of skin of which the 
blood-vessels have been injected, and notice the distribution of the capillaries 
to the sweat-glands, to the hair-follicles, and to the papillary surface of the 
corium. 


The skin is composed of two parts, epidermis and cutis vera. 

The epidermis, or scarf skin, is a stratified epithelium (fig. 120). 
It is composed of a number of layers of cells, the deeper of which are 
soft and protoplasmic, and form the rete mucosum of Malpighi, whilst 
the superficial layers are hard and horny ; this homy portion some- 
times constituting the greater part of the thickness of the epidermis. 
The deepest cells of the rete mucosum^ which are sot on the surface of 
the cutis fera, are columnar (fig, 129, c) in aliape. In the coloured 
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iiaqmediately above them the cells are polyhedr^ (fig. 129, p). Between 
bU these cells of the rete muoosum there are fine intercellular clefts 
which separate the cells from one another, but are bridged across by 
fine fibres, which pass from cell to cell. The intercellular channels 
serve for the passage of lymph, and withm them occasional lymph- 
corpuscles may be found, often having a stellate figure from compres- 
sion. The most superficial layer of the rete muoosum is formed of 
somewhat flattened granular cells (stratum granulosum^ s gr), Im- 
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1*JG 129— blClION 01 SIIDlKMm 

H liomy Iijer consisting of s superfaoial homy scalts wr «»Mollenout homy cells tl 
gtratnm lucidum M rett muc sum crMilpigliui la>er consmtiug of p prukk oclN 
Bevtral rows deep r elongate 1 tells loriuiiig a single stratum ii iir the tonuin and nqt 
stratmn graimloaum of Langi rhaiis just below the stratum lucidum w pirtof a jlexius 
of iiern fibres in the Buy trllcial la>erot the euti!» veri Iroin tins pit vus fine viricost 
nerrc flbnls moy be tnucd passing up between the eiithehum tells of the Malpighian 
lajer 

mediately above this layer, the homt/ part of the epidermis commences, 
as a layer of clear compressed cells several deep [stratum luczdum, s.L), 
Above this comes the mam part of the horny layer. It is composed of 
a number of layers of somewhat swollen cells (sw.), the nuclei of 
which are no longer visible. These cells become flatter as they 
approach the surface, where they eventually become detached m the 
form of thm homy scales { 5 ). 

The growth of the epidermis takes place by a multiplication of the 
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of fee deeper layers. The newly formed cells, as they grow, push 
towards the surfhce those which were previously formed, and in their 
progress the latter unaergo a chemical transformation, which converts 
their protoplasm into homy material. This change seems to occur 
at the stratum granulostim (see iig. 180) ; the granules which occupy 
the cells of that layer being composed of a substance termed eleidin, 
which is transformed into keratin. 

No blood-vessels pass into the epidermis, but it receives nerves 
which ramify between the cells of the rete mucosum in the form of 
fine varicose fibrils (fig. 129). 





FKt. 130.— PoiUION or KPIJ>L,K\IIS i-kom a seciion oi. thf sm\ oi< ihf 
J 1N(.1K, tOLOUUKl) WIlIl FICROCARMINAIE Ol AMMONIA. (KanVlCr.) 

a, stratum oornoum ; b stratum lumdum witli diffused flakes of eleidln ; c, htratum granu- 
losum, the cell-»i filled iMth drops of eleidin , d pncklc-oclls , <leutate jirojectiouh by 
^\Uich the deepest cclle of the epidenuis are fixed to the cutih vem. 


The cutis vera or corium is composed of dense connective tissue, 
which becomes more open and reticular in its texture in its deeper 
part, where it merges into the subcutaneous tissue. The superficial or 
vascular layer of the corium bears minute which project up 

into the epidermis, which is moulded over them. These papillae for 
the most part contain looped capillary vessels (fig. 187), but some, 
especially those of the palmar surface of the hand and fingers, and the 
corresponding part of the foot, contain tactile corpuscles, to which 
medullated nerve-fibres pass (fig. 97, h). 

In some parts of the body (scrotum, penis, nipple, and areola), 
involuntary muscular tissue occurs in the deeper portions of the cutis 
vera, and in addition, wherever hairs occur, small bundles of this 
tissue are attached to the hair-follicles. 

The blood-vessels of the skin are distributed almost entirely to the 
surface, where they form a close capillary network, sending up loops 
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iato ih^ papUIse* Special braadies are also distributed to the varietur 
appendages of the skin, viz. the sweat-glands and hair-follicles, wifli 
their sebaceous glands and little muscles, as well as to the little masses 
of adipose tissue which may be found in the deeper parts of the cutis. 

The lymphatics originate near the surface in a network of vessels, 
which is placed a little deeper than the blood-capillary network. They 
receive branches from the papillae, and pass into larger vessels, which 
are valved, and which run in the deeper or reticular part of the corium. 
From these the lymph is carried away by still larger vessels, which 
course in the subcutaneous tissue. 

The appendages of the skin are the nails ^ the hairs ^ with their 
sebaceom glands and the sweat-glands. They are all developed 
as thickenings and downgrowths of the Malpighian layer of the epi- 
dermis. 



Fio. 131.— Sm'iioj. a<i«»ss jhk nail and nail-«ld. (100 diameters.) 

(Heitzmann.) 

ridges with blood-vessels , i?, reto mucosura ; iT, nail. 

The nails are thickenings of the stratum lucidum of the epidermis, 
which are developed over a specially modified portion of the corium, 
which is known as the bed of the nail, the depression at the posterior 
part of the nail-bed from which the root of the nail grows being 
known as the nail-groove. The distal part of the nail forms the free 
border, and is the thickest part of the body of the nail. The homy 
substance of the nail (fig. 181 , N) is composed of clear homy cells, 
each containing the remains of a nucleus ; it rests immediately upon 
a Malpighian layer (B) similar to that which is found in the epidermis 
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generally. The oorium of the nail-bed is beset with longitudinal 
ridges instead of the papillao wliich aro present over the rest of the 
skin ; these, like the rest of the superficial part of the corium, are 
extremely vascular. The nails are developed in the foetus at about 
the third month, the groove being formed at this time in the corium, 
and the nail-rudiment appearing in it as a thickening of the stratum 
lucidum, which extends forward over the bed. It becomes free in the 
sixth month, its free end being at first thin, but as it grows forward 
over the bed it appears to receive additions on its under surface, so 
that after a time the distal part becomes the thicker. The superficial 
layers of tlie cuticle which originally covered the developing nail become 
detached, and, after birth, only remain as the narrow border of cuticle 
which overlies the lunula. 

The hairs are growths of tlie epidermis, which are developed in 
little pits — the hair-follicles — which extend downwards iiito the deeper 
part of the corium, or even into the subcutaneous tissue. The hair 
grows from the bottom of the follicle, the part which tlius lies witliin 
the follicle being known as the root. 

The substance of a hair is mainly composed of a pigmented, horny, 
■fibrous material (fig. 1.S2,/), wJiicli can be separated by the action 
of sulphuric acid into long tapering cells, the nuclei of which are 
still visible. This fibrous substance of the hair is covered by a layer 
of delicate imbricated scales termed the hair cuticle (c). In many hairs, 
but not in all, the centre is occupied by a dark-looking axial substance 
[medulla, m), formed of angular cells which contain granules of eleidin, 
particles of dark pigment, and frequently minute air-bubbles. The 
latter may also occur in interstices in the fibrous substance. When 
they are present, the hair looks wliite by reflected light. The foot has 
the same structure as the body of the hair, except at its extremity, 
which is enlarged into a knob (tig. 188, /;) ; this is composed mainly 
of soft, growing cells, and fits over a vasculsix papilla (j;), which pro- 
jects up into the bottom of the foUicle. The follicle, like the skin 
itself, of which it is a recess, is composed of two parts : one epithelial, 
and the other connective tissue. The epithelial or epidermic part of 
the follicle closely invests the hair-root, and is often in great part 
dragged out with it ; hence it is known as the root-sheath. It consists 
of an outer layer of soft columnar and polyhedral cells, like the Mal- 
pighian layer of the epidermis— the outer root-sheath (figs. 188,/; 
134, e) ; and of an inner, thinner, homy stratum next the liair — the 
inner root-sheath (figs. 188, g ; 184,/). The inner root-sheath itself 
consists of three layers, the outermost being composed of oblong cells 
without nuclei [Henle's layer), the next of flattened polyhedi'al nu- 
cleatei cells (Huxley's layer), and the third — the cuticle of the root- 
sheath — being a thin layer of downwardly imbricated scales, which fit 
ovet the upwardly imbricated scales of the hair itself. 

The connective tissue or dermic part of the hair-follicle (fig. 184, 
a, c, d) is composed internally of a vascular layer, separated from the 
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lt)ot-Bbeatb by a basexuent-membrane termed the hyaline layer of the 
follicle. This inner vascular layer corresponds to the superficial layer 
of the cutis vera. Its fibres and cells have a 
regular circular arrangement around tlie follicle, p 

the cells being flattened against the hyaline layer. 

Externally the dermic coat of the follicle has 
a more open texture, corresponding to the reti- 
cular part of the cutis, and containing the larger 
branches of the arteries and veins. In the large 
tactile hairs of animals, the veins near tlie bottom 
of the follicle are dilated into sinuses, so as to pro- 
duce a kind of erectile structure. 

The hair grows from the bottom of the follicle 
by multiplication of the soft cells which cover the 
papilla, these cells becoming elongated to form the 
fibres of the fibrous substance, and otherwise modi- 
fied to produce the medulla and cuticle. 

When a hair is eradicated, a new hair is pro- 
duced from these cells. It is not uncommon to find 
hair-follicles in which tlie whole of the lower part 
has degenerated in such a way that the vascular 
papilla, and the soft, growing cells which cover it, 
may have entirely disappeared. The hair then 
ceases to grow, and eventually becomes lost, but 
its place may be again supplied by a new hair, 
which becomes formed in a downgrowth from 
either the bottom or the side of the hair-follicle, a 
new papilla first becoming formed at the extremity 
of the downgrowth (fig. 135). If not previously 
detached, the old hair may be pushed from out the 
follicle by the one which replaces it. 

The hairs are originally developed in the embryo 
in the form of small solid downgrowths from the 
Malpighian layer of the epidermis (fig. 136, A). 

The hair-rudiment, as it is called, is at first com- 
posed entirely of soft, growing cells ; but presently 
those in the centre become ifferentiatod, so as to 


produce a minute hair invested by inner root- 
sheath, and its base resting upon a papilla which 
has grown up into the extremity of the hair-rudi- 
ment from the corium (fig. 186, B). As the 
minute hair grows, it pushes its way through the 
superficial layers of the epidermis, which it finally 
perforates (C). The hair-rudiments commence at 
the third or fourth month of foetal life; their 
growth is completed about the fifth or sixth 
month, and they form a complete hairy covering 


FiCi. 185. — COMMEN- 

t INO EKPLACKMEJfT 
or OLD BY NEW 
HAIR. (Toldt.) 

outer root-blieath ; 6, 
dernuc coat of follicle ; 
/, downgrowth of epi- 
thelium to form new 
hair-foUicle ; jp, papilla 
of new hair commen- 
omg ; u root of old hair ; 
f, dttet of sehaoeotu 
gland. 
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teniited the lanugo. This is entirely shed within a few months of births 
the new hairs being formed in downgrowths from the old hair-follicles 
in the manner alre^y mentioned. 

Hairs grow at the rate of half an inch per month. They are found 
all over the body except on the palms of the hands and the soles of 
the feet, and on the distal phalanges of the fingers and toes. They 


0 



Fi(. 13(5. 

4. Hair-ra<lhiient from an embryo of mx wfiK>> 0, hoiu>, and 6, mucous or Miilpiglnin 
la^er of cuticle , 1, baj>cment uumbrane ta cdK v»mp of nliuh aie assumbigan oblou" 
figure which t hiefi> iorm the tutmr Iwir B Hau rudiment, with the loiing hair formed 
but not } et iibcn througli tlie t utn le. «, lioi nv. b M.iljdghian lai er ot t pub nnia , c, out{ r, 
d inner, root-sbeatb , hair knob /, htein, wid rf jwuut ot tin bur, A Jiair-papiJJa , 
w, a, oorumenf iiig fcebatcous folliclts t" Hair follicle with tlic hili jnst jirot nidt d 


usually slant, and m the negro the hair-foliicles are o\eu considerably 
curved. On the scalp they are set in groups, as is well seen in a hori- 
zontal section. 

The hairs of animals are often curiously marked by the arrange- 
ment of their medulla, the markings being often characteristic of the 
particular species. 

Muscles of the hairs.— h bundle of plain muscular tissue is attached 
to each hair-follicle ; passing from the superficial part of the corium, on 
the side to which the hair slopes, obliquely downwards, to be attached 
near the bottom of the follicle (arrector pili, fig. 188, n). When the 
muscle contracts, the hair becomes erected, and the follicle is dragged 
upwards so as to cause a prominence on the general surface of the 
skin ; whilst tlie part of the corium from which the little muscle arises 
is correspondingly depressed ; the roughened condition known as 
goose skin ^ being in this way produced. 

The sebaceous glands (fig. 188, t) small saccular glands, the 
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ducts from which open into the mouths of the hair-follicles. Both the 
duct and the saccules are lined by epithelium, which becomes charged 
with fatty matter. This sebaceous matter is discharged into the cavity 
of the saccule, probably owing to the disintegration of the cells within 
which it is formed. There may be two or more sebaceous glands 
attached to each follicle. 

The sebaceous glands are developed as outgrow I hs from the outer 
root-sheath. 

The sweat-glands are abundant over the whole skin, but they are 
most numerous on tlie palm of the hand and on tlie sole of the foot. 
They are composed of coiled tubes, which lie in the deeper part of the 
integument and send their ducts up through the cutis to open on the 
surface by corkscrew-like channels which xiierce the epidermis (fig. 137). 



Fir.. 1U7. — 1)1 tl <)1 A sni vi-r.l VM> lIlltOlK.II l lit kpidlumis. 

(Maijmhed 200 diuiiictci**.) (Ileitziiiauii.) 

lupillic 1)1()0<1 voss,t Is iii]< t tul , I n to iniK o-^uin Ot t\\< cn tlio prpillv ; A’, stratnin 
coriwum , VL, stiutuiu , Z/, duct, opLmUjT nu the suii.ict at /*, 


The glandular or secreting tube is a convoluted tube composed of 
a bafeement-niembrane lined by a single layer of cubical or columnar 
epithelium-cells, and with a layer of longitudinally disposed plain 
muscular fibres between the epithelium and bascment-mcmbiane. 
It is considerably larger than tlie effcient tube or ducty wdiich begins 
within the gland and usually makes several convolutions before leaving 
this to traverse the cutis vera. The efieront tube has an epithelium 
consisting of two or three layers of cells, within which is a well- 
marked cuticular lining, but there is no muscular layer. The passage 
through the epidermis has no jiroper wall, but is merely a channel 
excavated between the epithelium-cells. 

The ceruminous glands of the ear are modified sweat-glands. 

1 



lio. — bFCllON Ol? A bWF\r-GIAKD llS lilL SKIN 01 MAN. 


a, (f, secreting tubes in section , 6, a tube boon from above , r c, clterA ttubes , d, intcr- 
tubuUr connective tissue witli bloocl-Tesaels. 1, baseintnt ]ncinbliii& , 2, muscular 
libreb cut a( rosb , 3, secreting epithelium of a tubule. 


ments which are thus formed becoming eventually coiled up at their 
extremities and converted into hollow tubes. 

The sweat-glands receive nerve-fibres, and each gland has a special 
cluster of capillary blood-vessels. 
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LESSON XXIV. 

STRUCTURE OF THE HEART, 

1. In a section through the wall of the auricle which has been stained with 
magenta and mounted in glycerine, notice the relative thickness of the 
epicardium, myocardium, and endocardium. Observe the blood-vessels and 
nerve -fibres imder the epicardium, often embedded in fat ; here and there a 
ganglion may be seen under this membrane. Notice aJso the elastic networks 
under both the pericardium and endocardium. Make a general sketch from 
this section. 

2. Section through the wall of the ventricle, stained with logwood and 
mounted in Canada balsam. The muscular fibres are variously cut. In 
those cut longitudinriUy, notice the branching of the fibres and their union 
into a network. Notice also that although the fibres are cross-striated this is 
less distinct than in voluntary muscle, and the nuclei lie in the centre of each 
fibre. Transverse markings may also be seen passing across the fibres 
between the nuclei and indicating a division into cells. The endocardium is 
very thin, especially over the columnae carneae. 

B. The l;junpliatios of the heart are easily injected with Berlin blue by 
sticking the nozzle of the injecting syringe into the muscular substance, in 
the interstices of which the lymphatics arise. Tliese commencing lymphatics 
lead to efferent vessels wliich pass to the base of the heart under the epi- 
cardium. 

4. Section tlurough one of the valves of the heart, stained and mounted 
as preparation 2. 

5. The epithelium which covers the epicardiiun, and that wdiich lines the 
endocardium, may be studied in preparations of the fresh organ wliich have 
been treated with nitrate of silver and subsequently exposed to the light and 
hardened in alcohol. 


The muscular substance of the heart {myocardium) is composed of 
transversely striated muscular fibres ^fig. 139), which differ from those 
of voluntary muscle in the following particulars : their striatioiis are 
less distinct ; they have no sarcolemma ; they branch and unite with 
neighbouring fibres, and their nuclei lie in the centre of the fibres. 
Moreover, the fibres are composed of a scries of short cylindrical cells 
(fig. 140) joined togetlier end to end, each corresponding to one of the 
nuclei. The lines of junction of these cells may sometimes be seen in 
longitudinal sections stained with haematoxylin or magenta ; but they 
come much more distinctly into view in sections of the fresh tissue 
stained with nitrate of silver. 

i2 



110 


THE ESSENTIALS OF HISIOLOGT 


In the interstices of the inuseular tissue there is a little areolar 
tissue in which run the very numerous blood-capillaries and the 
lacunar lymphatics. 



Fig. 189 . — ^Muscular fibres from the 

HEART, MAGNIFIED, SHOWING THEIR 
CROSS-STRIAS, DIVISIONS, AND JUNC- 
TIONS. 

The nuclei and cell*] unctions are only repre- 
sented on the nght-band side of the figure. 



Fig. 140 .— Six muscular fibre-cells 
FROM THE HEART. (Magnified 425 
diameters.) | 

a, line of junction between two cells; 6, e, 
branching of cells. 



Fio, 141 .— Section of the efxcardium of the right auricle. 

a, serous epithelium in section ; 6, connectire-tiasue layer ; c, elastic network ; rf, aubaerous 
areolar tissue ; e, fat ; /, section of a blood-vessel ; a smfUl ganglion ; /i, muscular 
fibres of the myocardium ; i, intermuscular areolar tissue. 


The myocardium is covered externally by a layer of serous mem- 
brane—the epicardkm (cardiac pericardium, fig. 141)-- composed, like 
other serous membranes, of connective tissue and elastic fibres, the 
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latter being most numerous in its deeper parts. Underneath the 
epicardium run the blood-vessels, nerves, and lymphatic vessels of the 
heart, embedded in areolar and adipose tissue ; this tissue being con- 
tinuous with that which lies between the muscular bundles. 

The endocardium (fig. 142) has a structure not very unlike the 
pericardium. It is lined by a pavement-epithelium, like the epithelium 
of a serous membrane, and consists of connective tissue with elastic 
fibres in its deeper part, between which there may, in some parts, be 



Fig. 142. — Sf< iion oi mi. i mmk au- 

DIUM Oh IIIK RIGIII AURK LF. 


a, lining epithelium , &, coniKctiYotn«.uc with 
fine tlastic fibres, t, lajci with coiisir 
( Ittstic fibres ; d sub endocirdial coniuctivo 
tissue contmuoiih >MtU tin int( rtnu-.cul ir 
tissue of the ni\o<. irdium , A miHculai 
fibres of the ni>o( aidium , »», pliiii luusiu 
lir tiHbUO 111 the tndiKaidiuin 


Fig 14? — Si ( no\ iHP<itGiT om oi- 

ini' I LAPS Ol Jin AOUIK >\1M, 
AM) PARI OI IIIK CORK! sl*OMHNG 
SIMS OI< VaISAI \ A, M III! IHh AD- 
JOINING PAKl OI IIII 'IKNIKICILAU 
WALL. 

n, endooardimn, prolonged ov( r tlu \alTt K 
sub tudoo inli d tissue < fibrous tissue of 
the valve tlufkcncd itr'iu ii tin tree edge, 
d, beotion of the luiiuli, e sutioii of the 
fibrous ring , /, niU6( ulai fibres of tin ven- 
triile tttta< hi d to it , </, loose aieo] ir tissut 
at the base of tin ventm le , s V snni-, 
Valsalva , 1, 2, 3, iniur, middli, and ontir 
coats ol the aorta. 



found a few plain muscular fibres. Fat is sometimes met with midcr 
the endocar^urou 

In some animals, e,g, the sheep, and sometimes also in man, large 
beaded fibres are found under the endocardium. These are formed of 
large clear cells joined end to end, and generally containing in their 
centre two nuclei, whilst the peripheral part of the cell is formed of cross- 
striated muscular tissue ; they are known as tiiefh^cs of Pu'fkmje, 

The valves of the heart are formed of folds of the endocardium 
strengthened by fibrous tissue (fig, 14B). This tissue forms a thicken- 
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ing near the free edge of the valve (o'). At the base of the aturicnlo- 
ventricular valves a little of the musctilar tissue of tlie auricle may be 
found passing a short distance into the valve. 

The nerves of the heart are seen in sections underneath the epi- 
oardium of both auricles and ventricles ; in the former situation, they 
are connected at intervals with small ganglia (fig. 141, g). Their 
branches pass to the muscular substance, but their mode of termina- 
tion has not been ascertained. 
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LESSON XXV. 

THE TliACIIEA AND LUNOS. 

1*-In sections of trachea, stained with logwood or borax-carmine, and mounted 
in Canada balsam, notice the ciliated epithelium, the basement -membrane 
(of some thickness in the hiunan trachea), the lymphoid tissue of the mucous 
membrane, the elastic tissue external to this, and lastly the fibrous membrane 
containing the cartilages. In the mucous membrane and submucous areolar 
tissue look for sections of mucous glands, ducts of which maybe seen opening 
on the surface. At the back of the trachea notice the plain muscular fibres 
transversely arranged ; there may be larger mucous glands external to these. 

2. In sections of lung similarly prepared, notice the sections of the alveoli 
collected into groups (infundibula). Find sections of bronchial tubes, 
some cut longitudinally and jiassiiig at their extremities into the infundibula, 
others cut across ; the latter show the structure of the tub('s best. In each 
tube notice the ciliated epithelium int(‘nially. Kext to this the mucous 
membrane containing numerous elastic filires and often thrown into folds ; 
then the layer of circular muscular fibres, and outside this, loose fibrous tissue 
in which in larger bronchial tubes the pieces of cartilage may be seen embedded. 
Small mucous glands may also be observed in the fibrous tissue sending their 
ducts through the other layers to open on the inner sm-face. Notice always 
accompanying a section of a bronchial tube the section of a branch of the 
pulmonary artery. 

In the sections of tin' alveoli observe the capillary v essels passing from 
one side to the other of the intervening septa ; and in places where the thin 
wall of an alveolus is to be seen in the section, try and make out the net- 
work of blood -capillaries uj)(»n it. Notice within the alveoli nucleated cor- 
puscles which very frequently contain dark particles in their protoplasm. 
They appear to be ama'boid cells wdiich have migrated from the blood-vessels 
and have taken in inhaled particles of carbon. They seem to pass back into 
the lung tissue, for similar cells may be seen in this. Make a sketch of part 
of the wall of a bronchial tube and of one or tw o of the alveoli. 

3. Mount in Canada balsam a section of lung in which the pulmonary 
vessels have been injected. Study the general arrangement of the vessels 
with a low power, and the netw'ork of capillaries of the alveoli with a high 
power. Observe that the veins run apart from the arteries. Sketch the 
capillary network of one or two adjoining alveoli. 


The trachea or windpipe is a fibrous and muscular tube, the wall 
of which is rendered somewliat rigid by C"Shaped hoops of cartilage 
which are embedded in the fibrous tissue. TJie muscular tissue* which 
is of the plain variety, forms a flat band, the fibres of which run trans- 
versely at the back of the tube The trachea is lined by a ymicoiis 
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metni^ane (fig, 144, a-c), which has a ciliated epithelium upon its 
inner surface. The epithelium-cells have been already described 
(Lesson VII.) ; they rest upon a thick basement-membrane. The 
mucous membrane proper consists of areolar and lymphoid tissue, and 
contains numerous blood-vessels and lymphatics. In its deepest part 
is a well-marked layer of longitudinal elastic fibres {d). Many small 
glands for the secretion of mucus are found in the wall of the trachea. 
They may lie either within the mucous membrane or in the submucous 



Fig. 144 . — Loxoitudixal bucTioN of tiik human thaoiiea, including portions 
OF TAVo CAUTiLAGiNoub RINGS. ( Modemtelv mafjnified.) 

a, ciliated epitheliuni ; I, baiseraent-TnembTane ; c, superficjial part of the mncoiis membrane, 
containing the weetions of nuiiierous capilloiy blood-vessols and mnoli lymphoid tissue ; d, 
deeper part of the mucous membrane, consisting mainly of elastic fibres; e, submucous 
areolar tissue, containing the larger blood-vessels, small nmoous glands (their ducts and 
alveoli are seen in section), fat, &c. ;/, fibrous tissue investing and muting the cartilages ; 
jf, a small mass of adifKise tissue in the fibrous layer ; h, c^irtllage. 


areolar tissue (e), or, lastly, at the back of the trachea, outside the 
transverse muscular fibres. 

The two divisions of the trachea, the bronchi, are precisely similar 
in structure. 

The larynx is also very like the trachea so far as the structure of 
the mucous membrane is concerned, but over the true vocal cords and 
upon the epiglottis, as well as here and there in the part above the 
glottis, stratified epithelium is found, and taste-buds (see Lesson 
XXVI.) may occur in tjiis epithelium, except over the vocal cords. 
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The lymphoid tissue is especially abundant in the mucous mem- 
brane of the ventricle of Morgagni, and a large number of mucous 
glands open into this cavity and into that of the sacculus. 

The true vocal cords are composed of fine elastic fibres. 

The cartilages of the trachea and larynx are hyaline, except the 
epiglottis and the cartilages of Santorini and of Wrisberg, which are 
composed of elastic fibro-cartilage. 



Fig. 14.') — Di v<tKAmmaji< kki ui niaiion oi jiip ^NDI^G or a 

BKONCIIIAL J113I I\ sAC<mAIJli INilNDIBUA, 


The lungs are formed by the ramifications of the bronchial tubes 
and their terminal expansions, which form groups of sacculated dila- 
tations {infundibula) y beset exorywhere with small hemispherical 
bulgings, known as the air-cclh oi imhnoiuny ahcoli. 



Fkj 14C.— Portion ot a aRANs\KRsK <<FriioN oi a bronuhvl iiiir, human, 
6 MM. IN DiAMHitii. (Magnified so diameters.) 

w, cartilap« ami fibrous la'ier \Mth mucous glands and in tlie outer pait, a little fat ; in the 
Uiiddle, the duot of a gland opens on the Innei sinlaoe of the tube, &, niiiiular la>erof 
involuntarv uuisoular fibres , e, elastic In'^er, the clastic fibres m bundles which ari seen 
cut aoross , d, eoluuinar ciliated epithelium. 


The bronchial tubes (figs. 146, 147) are lined in their whole 
j^extent by ciliated epithelium which rests on a basement-membrane* 
Sxternal to this is the corium of the mucous membrane, containing a 
large number of longitudinal elastic fibres and some lymphoid tissue. 
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Outside this again is a complete layer of plain muscular fibres encircling 
the tube. Next comes a loose fibrous layer in which, in the larger 
tubes (fig, 146), small plates of cartilage are embedded. Mucous 
glands are also present in this tissue. 



Tk.. 117 . — SFtllON OF A SMiLL mtONCHIAL 11 IJl I ROM TJU TIG’S UNO. 
(TliH section is much more magmfi<d than that lepre^cnted in the pjcMou^ 
figuie.) 

a, fibrous layer , h, muscular lajcr , t, mucous mcmbiaiu iii 1 mfntiuliuil lotls numer- 
ous lonjfitmliiullv runmnfic clastic fibres cut across, </ ciliittd cpithtlium , ty suirouml- 
mg alveoli. 

The smallest bronchial tubes, which ar(‘ about to expand into the 
infundibula, gradually lose the distinctness of the several layers, their 
wall at tlio same time being greatly thinned out and becoming bulged 
to form the alveoli. The epithelium also becomes changed; from 
columnar and ciliated it becomes cubical and non ciliated. 

In the alveoli tliemselves, besides small groups of cubical cells, 
there are large irregular flattened colls (fig. 148) which form an 
extremely delicate layer, separating the blood-tapillaries from the air 
within the alveoli. The capillary network of the alveoli is very 
close (fig. 149), and the capillary vessels of adjoining aheoli are in 
complete continuity, the vessels passing first to one side and then to 
the other of the septa which separate the adjacent alveoli. 

Blood-vessels , — Branches of the pulmonary artery accompany the 
bronchial tubes to be distributed to the capillary networks upon the 
alveoli, from which the blood is returned by the pulmonary veins 
wliich, pursuing a separate course tlirough the tissue of the lung, join 
in their course with others to form larger vessels which pass to the 
hilus. Branches from the bronchial arteries are distributed to the 
walls of the bronchial tubes, and to the connective tissue of the lung, 
lliis tissue intervenes cverywliere in small quantity between the in- 
fundibula (interstitial tissue), and forms a distinct layer, containing 
much elastic tissue, covering the surface of the lung underneath the 
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Fig 148 — Sc( tion ot i \m oi r\i s n sc , srviMi) wirii mtuvik or sIMEr. 
(lli^hl^ ma^nihtd ) 


Ihc small grinulii an 1 tlu l\r"o fl ittincd (IK of tho ilvc )li aie sho^\n Tu the middle is a 
section of a lobul ir bi lu 1 il tub ^Mth i \ itch of the grinnUr j ivcment (.pithdiuni 
cells on one sick 



Fio 14 <) — Ski ION oi injected iuno, rvciDDiNG sfm kai contigiois Ai\Fotr. 

(Highly njftffnificd ) 


n (T, free edjres of alrcoli r c, partitions lu tween m lerlilmnniif? vlvtoli so(n In section, 
h «»nian aitenal bi nub Klrin,^ off c ipilUne s to the nlvtoli J he looj injr of the vessels to 
either elde of tlu partitions is wtll e\h bite i He tween the enpilliiies is Men the honi) 
geneous alveedai w ill with nuclei < f connective tissue corpu cks an I clastie fibies 
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serous luembraue (subserous tissue). In some animals ibis subserous 
layer contains plain muscular tissue, which is especially developed 
near the lung-apex. 

The lymphatics of the lung form two sets of vessels, one set 
accompanying the bronchial tubes, and another set forming a network 
in the interstitial connective tissue, and in the subserous tissue. Both 
sets of lymphatics tend towards the hilus and enter lymphatic glands 
at the root of the lung. Those in the subserous tissue communicate 
by means of stomata between the epithelial cells of the serous mem- 
brane with the cavity of the pleura. 

The pleura^ which covers the surface of the lung, has the usual 
structure of a serous membrane. It is provided with a special network 
of capillary blood-vessels, which are supplied by branches of the 
bronchial arteries. 
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LESSON XXVI. 

STRUCTURE OF THE TEETH, THE TONGUE, AND MUCOUS 
MEMBRANE OF THE MOUTH. 

1. Study first with the low power and afterwards with the high power a 
longitudinal section of a human tooth which has been prepared by grinding. 
It is better to purchase this specimen, for the process of preparation is 
difiicult and tedious without the aid of special apparatus. Examine carefully 
the enamel, the dentine, and the cement. The dark ai)pearance of the 
dentinal tubules is due to their containing air in the dried specimen. Measure 
the diameter of the enamel prisms and of some of the dentinal tubules. 
Make sketches from each of the tissues. 

2. Mount in Canada balsam a section of a tooth in situ, which has been 
decalcified in chromic or picric acid and stained with logwood or borax- 
carmine. In this section the mode of implantation of a tooth, as well as the 
structure of the pulp, can be made out. Make a general sketch under a low 
power, and under a high power draw a small piece of the pulp showing the 
processes of the odontoblasts extending into the dentinal tubules. 

3. The development of the tooth and the foniiation of their tissues are 
studied in sections made across the snout and lower jaw of fcetal animals. 
The preparation should bo stained in bulk with alcoholic magenta, borax- 
carmine, or heematoxylin, and embedded in paraffin, and the sections mounted 
by the shellac-creosote process (see Appendix). 

4. Section across the whole tongue of a small mammal ; stain with log- 
wood, and mount in Canada balsam. In these sections the arrangement of 
the muscular fibres and the structure of the pai)illaD of the mucous mem- 
brane may be studied ; and if the organ have been previously injected, the 
arrangement of the blood-vessels in the muscular tissue and in tho mucous 
membrane will also be well seen. 


THE TEETH 

A tooth consists of three calcified tissues : the enmiel, which is of 
epithelial origin, the dentine, and the cement, or cnista iietrosa. The 
dentine forms the main substance of a tooth, the enamel covers the 
crown, and the cement is a layer of bone which invests the root 
(fig. 150). 

The enamel is formed of elongated hexagonal prisms (fig. 151), 
which are sot vertically, or with a slight curvature upon the surface of 
tho dentine. They are marked at tolerably regular intervals with 
slight transverse shadings producing an indistinct cross-striated ap- 
pearance. Sometimes coloured lines run through tho enamel across 
the direction of its fibres. 
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The dentine is composed of a hard dense substance like bone, but 
containing no Haversian canals or lacunas. It is pierced everywhere, 
however, by fine canahculi {dentinal tubules y figs. 152, 168), which 
radiate outwards from a central cavity which, during life, contains the 
pulp. The tubules branch at acute angles as they pass outwards ; 
their branches become gradually finer towards the periphery of the 
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dentine. The tubules have a proper wall of tlieir own, which can be 
isolated by steeping a section of tooth in strong hydrochloric acid. In 
the living tooth they are occupied by piotoplasmic fibres, which are pro- 
longed from the superficial cells of the pulp. 

The inteiiubular substance is for the most part homogeneous, but 
hero and there indications can bo seen of its deposition in the form of 
globules. This is especially the case near the surface of the dentine, 
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iK,. 1 >1 — Ln vmfl riasMS. («J50 diameter^- ) 

A, Eragments uirl biuglt flbr< s of the enamel, i^ol ited })y tlio wtiou of hjdrochloric icul. 

B, faiuface of a ill fragment of en vm !, bhowiug tlm hevagmal eulo of the fibre*. 



lilt 1)2 — SilllDN <)1 I \NG, PV- 
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I cimcnt witli large liont laeuiir ami 
111 lie itiou'* of lirmJle 1 pianular 
JiMr of iurkmjt ( iiiterglobular 
spiee ), 3, ileutinal tubule > 
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where the globular deposit and the mterglobiilar spaces may produce 
a granular appearance {granular layer j fig. 152, 2 ), and also in the 
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course of certain lines or clefts which are seen traversing che dentine 
across the direction of the tubules {incremental lines^ fig. 150, shown 
magnified in fig. 154). 



FlO. 154.~-A hMALL rOKTKJN OF llIK DKMINB AMTII INTEUGI.OlUJLAU SI‘A(’K8, 
(350 diatncterb.) 

f, portion of mcremcnUl line formed by tlie intcr^lobn^.u* spaces, which are'here filled up 
bj a tran-^parent material. 

The pulp consists of a soft, somewhat jelly-like, connective tissue, 
containing many branched cells, a network of blood-vessels, and some 
nerve fibres which pass into the pulp-cavity along ' \ith the blood- 
vessels by a minute canal at the apex of the fang. The superficial 
cells of the pulp fonn an almost continuous layer, like an epithelium. 
They are known as odontoblasts y from having been concerned in the 
formation of the dentine. 

The crusta petrosa (fig. 152, i) is a layer of lamellated bone in- 
cluding lacunas and canaliculi, but without Haversian canals, at least 
normally in the human teeth. It is covered with periosteum [dental 
periosieum)y which also hues the socket, and serves to fix the tooth 
securely. 

Formatioii of the teeth. —The teeth are developed in the same 
manner as the hairs. A thickening of the epithelium occurs along the 
line of the gums, and grows into the corium of the mucous membrane 
{common enamel-germy fig. 155, A). At regular intervals there is yet a 
further thickening and growth from the common enamel-germ into the 
tissue of the mucous membrane, each of these special rudiments swelling 
out below into a flask-shaped mass of cells, the special enameUge'tmy 
fig. 155, B). A vascular papilla grows up from the corium into the 
bottom of the special enamel-germ (fig. 155, C, D) ; this papilla has 
the shape of the crown of the future tootli. Each special enamel- 
germ, with its included papilla, presently becomes cut off from the 
epithelium of the mouth, and surrounded by a vascular membrane — 
the dental sac. The papilla becomes transformed into the dentine of 
the future tooth, and the enamel is deposited upon its surface by the 
epithelial cells of the enamel-germ, d’he root of the tooth, with its 
covering of cement, is formed at a later period, when the tooth is 
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Fig. 165. 

A. Sjsction ACKOS.S THE HiT’Eii JAW OF A FXETAL hHEEF. (3 centimeters long.) 

1, common enamel-germ dipping down into the mncons membrane where it is half surrounded 
by a semilunar-shttpeil more deiise-looking tissue, tbe germ of the dentine and dental sac ; 

2, palatine process of the maxilla. 

B. Section similar to that shown in the previous figure, hut passing 

THROUGH ONE OF THE SPECIAL ENAMEL-GERMS HERE BECOMING FLASK-SIIAPED. 
c, o', cpitlielium of mouth ; /, neck ; /, body of special enamel-germ. 

C AND D. Sections at later stages than A aVnd B, the pai'ILLA having be- 

a>ME B'ORMEl) AND INDENTED THE ENAMEL-GERM, WHICH HAS AT THE SAME TIME 
GROWN PARTLY ROUND 1T\ 

c, epithelium of gum, sketched In outline ; /, neck of enamel-geim ; J\ enamel-organ ; f, its 
deeper columnar cells ; projections into the ooriuni ; />, papilla ; dental sac forming. 

In I), the enamel -germ (/p) of the corresponding permanent tooth has become formed. 
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beguming to giow up through the gum, by a gradual elongation of the 
base of the papilla 

Previously to the depositionof the enamel, the enamel germ under 
goes a peculiar transformation of its pieviously rounded epithelium- 
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cells into three la}erb of modified cells One of these is a layer of 
columnar cells (fig 166, cl), which immediately covers the surface 
of the dentine. These columnar cells foim tlio enamel pi isms cither 
by ft deposition of cfllcaieous salts txieinal to tliem, or by a diiect 
calcification of their piotoplasm. The cells nc\t to the dental sac 
form a smgle layer of cubical epithelium (c), all the other cells of the 
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enamel-germ become transformed into branching corpuscles (c) com- 
municating by their processes, and thus forming a continuous net- 
work* The enamel-germ, after it is tJius modified, is known as the 
enamel-organ. 

The dentine of the tooth is formed by calcificatioai of the surface of 
the papilla. At this surface there is a well-marked layer of odonto- 
blasts (fig. 157), and these produce a layer of dentinal matrix which 
forms a sort of cap to tlie papilla, and which soon becomes calcified by 
the deposition of globules of calcareous matter. Processes of tlie 
odontoblasts remain in the dentine as it is forming, and thus the 
dentinal tubules are produced. Subsequently other layers of dentine 
are formed within the first by a repetition of tlie same process, and in 
this way the papilla gradually becomes calcified. A part, however, 
remains unaltered in the centre of the tooth, and with its covering of 
odontoblasts forms the pulp. 

The ten milk-teetli are formed in each jaw in this manner. 
These, however, become lost within a few } ears after birth, and are 
replaced by permanent teeth m much the same way that a new succes- 
sion of hairs occurs. A small outgrowth takes place at an early period 
from the enamel-germ of each of the milk-teeth (fig. 155, and 

this eventually becomes the germ of the corresponding permanent 
tooth. It gi*adually enlarges, acquires a papilla, forms an enamel- 
organ, in sliort, passes through the same phases of development as its 
parent germ, and when tlie milk-tooth drops out of the jaw in conse- 
quence of the absorption of its roots (by osteoclasts) the permanent 
tooth grows up into its place. 

But there are six permanent teeth in ea(*h jaw which do not suc- 
ceed milk-teeth ; these are the permanent molars. They are developed 
from an extension backwards of the original epithelial thickening 
(common enamel-germ) and the dowiigrowth from this into the corium 
of three successive special enamel-germs at comparatively long intervals 
of time. Within these the tissues of the permanent molars become 
formed in a manner exactly similar to tliat in which the milk-teeth are 
developed. 


THE ^ONGVE, 

The tongue is mainly composed of striated muscular fibres, running, 
some longitudinally, and others transversely. It is covered by a mucous 
membrane, the epithelium of which, lilie that of the rest of the mouth, is 
thick and stratified, and conceals microscopic papillae (fig. 158) like 
those of the skin. Besides these, the upper surface of the organ is 
covered with larger papillae, which give it arougli appearance. These, 
which are termed the lingual papillcer are of three kinds : (1) About 
twelve or thirteen comparatively large circular projections, each of which 
is surrounded by a nan'ow groove (fossa), external to which the mucous 
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membrane is raised above the general level (vallum) (fig. 169). These 
papilla) form a V-shaped lino towards the back of the tongue ; they 
receive filaments of the glosso-pharyiigeal nex\e, and have taste-buds in 
the epithelium which covers their sides, and in that of the side of the 
vallum. They are known as the circumvallate papillcB, (2) All the rest 
of the papillary surface of the tongue is covered by conical papillcR, ^o 
named from the conical pointed cap of epitholiuin which is borne by 
each ; sometimes this cap is fringed with fine epithelial filaments, when 
they are termed filiform (fig. 161). (8) Scattered here and there 

amongst the conical papillfe are other larger papillfe, the fungiform 
(fig. 160). These aie very vascular, and lie partly embedded in little 
depressions of the mucous membrane. 

Small tubular glands may be seen between the supoi-ficial muscular 
fibres sending their ducts to the surface. Most of them secrete mucus, 
but those which open into the trendies of the circumvallate papillfe, 
and a few others elsewhere, yield a serous secretion. 

The mucous meiubiane at the back of the tongue contains a large 
amount of lymphoid tissue. 

The taste-buds. The minute gustatory organs which are known as 
tasfe-huch may bo seen m sections which pass tlirough the papillfe 
vallat.T or tlio papilbe limgiformes ; they are filso present here and 
there in the epithelium of the general mucous membrane of the tongue, 
especially at tlie back and sides, and occur also upon the under suiface 
of the soft palate, and on the epiglottis. But they arc most easily 
studied in the papilla? foliatjr of the rabbit, two small o^al areas lying 
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on cither side of the back of the tongue and marked transversely with 
a number of small ridges or laminfe with intervening furrows (see 
figs. 162 and 168), Sections across the ridges show numerous 
taste-buds embedded in the thick epithelium which clothes their sides. 

The taste-buds are ovoid clusters of epithelium-cells which lie in 
cavities in the stratified epithelium (fig. 164). The base of the taste- 
bud rests upon the corium of the mucous membrane, and receives a 
branch of the glosso-pharyngeal nerve ; the apex is narrow and com- 
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mimicatos with the cavity of the mouth by a small pore in the super- 
ficial epithelium (gustatory pore, fig. 164, j?). 





I I(j 16 ^ — VtRriCVL sit IION Ol PU>IIIA F 0 ll\rv or IUE RMIBIT, PASSI^(» 
ACROSS HIE KOI II (Ranvior) 

Pi central lamina of the connm i 'noction acro-ss a vein whioli traverses the whole lenpfth 
of the folia p' later il lamina in which the uerrt hbres i nn 7 taste bud n section'^ 
of net v( bun lies a serou srUnl 



1 10. 16 ^ — ShtiioN iiiKOioii TiiF MioDiF 01 A lAsjKBiD. (Ranvier ) 

p gustatory pore , « gmtatory cell ? sustentaoulir tell w lymph cell containing fatty 
granules , e superfiloi tl cells ot the stmtifled epithelium , n, nerve fibre<i 

Tlie cells which compose the taste-bud are of two kmds, viz. : 
1. The gusiatoiy cells (fig. 105, a), which are dehcate fusiform or 
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bipolar cells composed of the cell-body or nucleated enlargement, and 
of two processes, one distal, the other proximal. The distal process is 
nearly straight, and passes towards the apex of the taste-bud, where it 
terminates in a small, highly refracting cilium-like appendage, which 
projects into the pore above mentioned. The proximal process is more 
delicate than the other, and is often branclaed and varicose ; it is 




1^0. 1<J5 — Vauious ch.ls from. tastk-bii> of RAnmr. (OOO (linmeters.^ 

(f, four i’U-'tntorv colls from contra! jjart ; ft, two stustcntacnlar cells, and one p^ist.»tor> eel), iu 
connection ; c, tlnee snstcntaeular cells. 


believed to bo directly connected with an entering newe-libre. 2. The 
hiLstcntacnlar celh (fig. Ifie), c). These are elongated cells, mostly 
flattened, and pointed at their ends; they lie between the gustatory 
cells, which tliey thus appear to support, and in addition they form a sort 
of envelope or covering to the taste-bud. Between the cells of tlie taste- 
bud lymph -corpuscles are often seen, having probably wandered hero 
from the subjacent mucous membrane. 
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LESSON XXVIL 

THE SALTVAHY GLANDS. 

1. Study carefully sections of the subinaxillary gland of a dog. The 
gland should have been hardened in alcohol and stained with logwood. 
Notice the acini filled with clear cells, the nuclei of which usually lie near the 
basement-membrane. Notice hero and there, outside the clear cells, domi- 
hines or crescents of small darkly stained granular-looking cells. Observe also 
the sections of the ducts with their stnated columnar epithelium. Try and 
find a place where one of the ducts is passing into the alveoli. Sketch under 
a high power. 

2. Study sections of the parotid gland prepared in a similar way, 

3. Examine small pieces of both submaxillary and parotid gland fresh in 
saline solution. Tn the submaxillary gland notice tliat the alveolar cells are 
swollen out with clear mneigen, but that those of the parotid are filled with 
granules (zymogen).^ Make a sketch from each preparati n imder a high 
power. 

4. Prepare a transverse section of the oesophagus. Notice the thick 
muscular coat partly contaming cross-striated fibres and the mucous mem- 
brane with its papillip and stratified epithelium. Look for mucous glands in 
the areolar coat. Sketch under a low power. 


The salivary g^lands may be looked upon as typical of secreting 
glands in general. They arc composed of a number of lolmles bound 
together loosely by connective tissue. Each small lobule is formed of 
a group of saccular or somewhat tubular alveoli or acini (fig. 160) from 
which a duct passes, and this, after uniting with other ducts to form 
larger and larger tubes, eventually leaves the gland to open upon the 
surface of the mucous membrane of the mouth. 

The alveoli are enclosed by a basement-membrane, which is 
reticular (fig. 167). This basement-membrane is continued along the 
ducts. Within it is the epithelium, which in the alveoli is composed of 
polyhedral cells (fig. 168, a), but in the ducts is regularly columnar, 
except in that part of the duct which immediately opens into the 

' To study the changes which the alveolar cells undergo during secretion, pilo- 
carpine is injected subcutaneously into an animal in suflicient amount to produce 
copious salivation ; after which the animal is killed and its salivary glands are 
examined as in preparation 3. The granules are not seen in preparations that 
have been in alcohol, but osmic acid preserves them ; they are best seen, however, 
in the fresh tissue. 
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alvooli ; in this it is flattened {d'). The columnar epithelium of the 
ducts is peculiar, in that the cells show a distinction into two unequal 
zones, an outer, larger, striated zone, and an inner, smaller, granular 
one (fig. 168, d). 

The cells of the alveoli differ according to the substance they 
secrete. In alveoli which secrete mucus, such as all the alveoH of the 
dog’s submaxillary, and some of the alveoli of the same gland in man 
(fig. 170), the cells are clear and swollen out with mucigen, which is 
discharged into the ducts when the gland is stimulated to activity. But 
in each alveolus there are some smaller cells which do not contain 
mucigen, and these generally form oreseentic groups which lie next to 
the basement-membrane (fig. 169, c). These arc the so-called crescents 
of Gianuzzi ; their constituent cells are also known as marginal cells. 
In alveoli, on the other hand, which do not secrete mucus, but watery or 
serous saliva, such as the parotid in all animals, and some of the alveoli 
of the human subniaxillary, the cells are filled with gi*anules when the 
gland is at rest, altliough the outer part of each cell may become clear 
after a long period of secretion (fig. 171). 

The largest ducts have a wall of connective tissue outside the base- 
ment-membrane, and also a few plain muscular cells. The blood-vessels 
of the salivary gland form a capillary network around each alveolus. 
The lymphatics commence in the form of lacunar vessels oicircling the 
alveoli. The nerve-fibres, which are derived both from the cerebro- 
spinal nerves and from the sympathetic, have not been satisfactorily 
traced to tlioir termination, but they probably become connected with 
the alveolar cells. 


THE PHARYNX AND (ESOPHAGUS. 

The pharynx is composed of a membrane y which is encircled 

by striated muscles, the constrictors, and lined by mucous membrane. 

The mucous membrane is lined in the upper part of the pharynx and 
on the upper surface of the soft palate with ciliated epithelium, which 
is continuous with that of the nostrils, and through the Eustacliian 
tube with that of the tympanum. Below the level of the soft palate 
the epithelium is stratified like that of the mouth and gulletihs. 
which it '"'=*«!. In certain parts the mucous memb^",'»'nose of 

laxge f of lymphoW tissue, esjeoiaiiy btl'TbTe it 

formF projection ^hich IS'somelimes termed r ai p,, ’ j ® « 

anu there are numerous mucous glands opening^P^ 02 ^ ’ 

The (BBOphagnu or guUet, which passes fromW pjj . , 

stomach, consists, like the pharynx, of a fibrous covd.^ , 

coat, a linmg mticous membrane, and intervening conn i^ctive t* 
[areolar coat) (fig. 172). The muscular coat is much more^fe^ 
arranged than that of the pharynx,- and is composed of striated mW » ® ^ 
in about its upper third only, the rest being of the plain variety. There / 



1^0 


THE ESSENTIALS OF HISTOLOG\" 


are two layers of the muscular coat, an outer layer, in which the fibres 
run longitudinally, and an inner, in which they course circularly. The 
mucous membrane is lined by a stratified epithelium, into which micro- 
scopic papillsB from the corium project. The corium is formed of areolar 
tissue, and its limits are marked externally by a narroAV layer of longi- 



I K.. 172^Si ( iioN m iiiF lu AIX^ <1 SOPH \gus. 

Tbf» Roction IS tniusver and fiom ihrt tlie middle of the pulht u fibrou*? covciini?; 
b divided fibres of tlie loiipritudinal imisciilir coat , e tuvnsvci^e niustular fibies, d, ‘'iib- 
mucous or areolar ln^ Cl , e iiiiisculnis imicosi , / ot iiiuc ous inombi lue , </, linm- 

iiated epitbelml lining , b, mm ous /I ind , *, uid duct. 


tudinally disposed plain muscular fibres, the iiwscularis mucosce. This 
is separated from the proper muscular coat by the areolar coat, which 
contains the larger branches of the blood-vessels and lymphatics, and 
also most of tlie mucous glands of the membrane. 
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LESSON XXVIIL 

THE STRUCTURE OF THE STOMACH. 

1. Sections of the cardiac region of the dog’s stomach, cut perpendicularly 
to the surface of the mucous membrane. The tissue is to be stained with log- 
wood or borax-carmine, and the sections are to be mounted iu Canada balsam. 

In these sections the general arrangement of the coats of the stomach is to 
be studied and skolchos are to be made under a low power illustrating this 
arrangement, and others under a liigli power showing the structure of the 
glands of the mucous membram'. 

Measure the whole thickness of the mucous membrane, the thickness of 
the muscular coat, the size of the columnar e])ithclimn- cells of the surface, 
and that of the cells in the deeper parts ol the glands. 

2. Sections of the mucous membrane of the same region, cut paiallel 
to the surface. 

Those sections will show better than the others the arrangement of the 
cells in the glands. 

3. Vertical sections of the mucous membrane li’om the pyloric region 
of the dog’s stomach. Make a sketdi imder a low power of one of the glands 
in its whole length, filling up some of the derails with the high power. 

4. Study the arrangoiiient of the blood-vessels of the stomach m vertical 
sections of the wall of an organ the vessels of which ha\ e been injected. 


Tho wall of the stomach consists of four coats, which, enumerated 
from without in, are as follows, viz.: seroiUf mmcular, areolar or sub^ 
mucous, and mucous ^nemhrane. 

The serous coat is a layer which is derived from the peritoneum. 
It is deficient only along the lines of the lesser and greater curvatures. 

The muscidar coat consists of three layers of plain muscular fibres. 
Of these the bundles of the outer layer run longitudinally, those of the 
middle layer circularly, and those of the inner layer obliquely. The 
longitudinal and circular bundles become thicker and stronger towards 
tlie pylorus, at which they pass into the corresponding layers of the 
small intestine; at the pylorus itself the circular layer is greatly 
thickened to form the sphincter muscle, Tlie oblique fibres are only 
present in the left or cardiac part of the stomach. 

The areolar or submucous coat is a layer of areolar tissue, which 
serves to unite the mucous membrane loosely to the muscular coat ; 
in it ramify the larger branches of the blood-vessels and lymphatics. 
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pass to the organ along its curvatures. The arteries pass through the 
muscular coat, giving off branches to the capillary networks of the 
muscular tissue, and ramify in the areolar coat. From this, small 
arteries pierce the muscularis mucosa9, and break up into capillaries 
near the bases of the glands. The capillary network extends between 
the glands to the surface, close to whicli it terminates in a plexus of 



Fig. ]76. — A r^jouic <.i ^m), 

I* ROM A SbCnON Ol TUiii 
DO&S brOMACH. 

w, mouth ; w, neck , //, a deep poi- 
tion of a tubule cut truu'jTCi^ely. 
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relatively large venous capillaries whicli enciicle the mouths of the 
glands. From this plexus straight venous radicles pass through the 
mucous membrane, pierce the muscularis mucos», and join a plexus of 
veins in the submucous tissue. From these veins blood is carried 
away from the stomach by efferent veins, which accompany the enter- 
ing arteries. 

The lymphatics (fig. 177) arise in the mucous membrane by a 


THE BTRUOTUKE OF THE STOMACH 


145 


plexus of large vessels dilated at intervals, and looking in sections like 
clefts in the interglandular tissue. From this plexus the lymph is 
carried into larger valved vessels in the submucous coat, and from 
these, efferent vessels pass through the muscular coat to reach the 


h 

a 

c 


IlG. 177. — LlMPHAllCS OF THE HIMAN GAslKU Ml COl s MFMBRAM*, INJFdJ-D. 

The tubules arc only famtlj mduatccl , o, muscularis mucosfp , 6, plexus of fine vessels at 
base ot glands , 6, plexus of larger valvitl lympliaticb m subniiKosa. 



serous membrane, underneath which they pass away from the organ. 
The muscular coat has its own network of lymphatic vessels. These 
lie between the two principal layers, and their lymph is pouied into 
the efferent lymphatics of the organ. 

The nerves have the same arrangement and mode of distribution 
as those of the small intestine (see next Lesson). 


L 
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medullated nerve-fibres known as the plexus myenterious of Auerbach. 
The ganglia of this plexus may usually be seen in vertical sections of 
the intestinal wall, but the plexus, like the one in the submucous coat 
immediately to be described, can only be properly displayed in prepara- 
tions made with chloride of gold (fig. 178). 

The submucous coat is like that of the stomach ; in it the blood- 
vessels and lymphatics ramify before entering or after leaving the 
mucous membrane, and it contains a gangliated plexus of nerve-fibres — 



Fig. 179. — Plexus of Meissner prom the 8Ubmucx)us coat op the iniesiine. 

(Cadiat.) 


the plexus of Meissner — which is finer than that of Auerbach and has 
fewer ganglion-cells (fig. 179). Its branches are chiefly supplied to the 
muscular fibres of the mucous membrane. 

The mucom membrane is bounded next to the submucous coat by 
a double layer of plain muscular fibres {musculans mucosce). Bundles 
from this pass inwards through the membrane towards its inner sur- 
face and penetrate also into the villi. The mucous membrane proper 
is pervaded with simple tubular glands— the crypts of Lieberktihn — 
which are lined throughout by a columnar epithelium like that which 
covers the surface and the villi. The mucous membrane between these 
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glands is mainly composed of lymphoid tissue, which is aggregated at 
mfervals mto more solid nodules (fig. 181) constituting when they occur 
singly the so called solitary glands of the intestine, and when aggregated 
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Fig, 181 — Sfction of ihf iiijum iiiuotoif a tymiiioid nodi if (Cadiat ) 

a middle of the nodule with the Ivniphoid tissue partly lillon awiv from the section, 
h epithelium of the intestine , c, villi their epithelium is paitl> broken away , d, crypts 
of LiebtrkUhn 


together form the agminated glands or patches of Peyer. The latter 
occur chiefly in the ileum. 

The xilh with which the whole of the inner smface of the small 
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mtestine is cbsely beset are clavate or finger-shaped projections of the 
mucous membrane, and are composed, like that, of lymphoid tissue and 
covered with columnar epithelium* (fig. 182). The characters of this 
have been already described (Lesson VII.). Between and at the base 
of the epithelium-cells many lymph-corpuscles occur. The epithelium 
rests upon a basement-membrane formed of flattened cells. In the 
middle of the villus is a lacteal vessel (c. 1) which is somewhat 
enlarged near its commencement. Surrounding this vessel are small 



KiG. 182.—CuoS‘4-SEC1ION of a MLUIS Ol THK cat’s INIKSIINE, 

> columnar epithelium ; < 7 , goblet cell, its mucus is seen partly exuded ; 7, lymph-corpuscles 
between the eplthelmni-tells ; 6, basement-membrane ; c, blood-capillaries; «i, section 
of plain mu'^mlar Abies; c I, central lacteal. 



Fio. 183. — Magnified view of the Bix)oi>-VE9shLs of the intestinal vilt i. 

The drawing was taken from a preparation injected by LieberkUhn, and shows, belonging to 
each villus, a small artery and vein with the intermediate capillary network. 


bundles of plain muscular tissue prolonged from the muscularis mucosae. 
The network of blood -capillaries (fig. 188) lies for the most part near 
the surface within tlie basement-membrane ; it is supplied with blood 
by a small artery which joins the capillary network at the base oif the 
villus ; the corresponding vein generally arises nearer the extremity. 

The lymphatics (lacteals) of the mucous membrane (fig. 184), after 
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receiving the central lacteals of the villi, pour their contents into a 
plexus of large valved lymphatics which lie in the submucous tissue 
and form sinuses around the bases of the lymphoid nodules. From 
the submucous tissue efferent vessels pass through the muscular coat, 
receiving the lymph from an intramuscular plexus of lymphatics, and 
are conveyed away between the layers of the mesentery. 



110 . 184 . — ^Vl^RlKAL SK< IION 01 A I'OltllOX Oh A RVHH OI* PhYFU’s OLA\DS, 'WIlH 
THR LAciFAL \ 1 ssi LH iNjFciRD. (32 diaiueters.) (Irey.) 

The specimen is from the lower part of tht ilinm n, villi, with their lacteals left white ; 

6, some of the tubulai glands , c, the muscular la>cr of th( mucoUs membrane, d, cupola 
or piojecting part of the nodule , e, central fiart , f the reticulated lacteal vessels occu 
p>iugthe lymphoid tissue between the nodules joiiied above bj the lacteals from the 
villi and mucous surface, and passing below into g, the sinus lik( lacteals under the 
nodulen, which again pass into the large effcrtiit lacttals g ' » », part oi the iiiusi ular coat 


Absorption of fat. — The lymph-corpuscles of the villi are the chief 
agents in effecting the passage of fat-pai tides into the lacteals. In 
order to study this process of transference, it is convenient to stain 
the fat-particles with osmic acid, which colours them black. It can 
then be observed that in animals which have been fed with fat these 
particles are present (1) in the columnar epithelium-cells ; (2) in the 
lymph-cells ; and (8) in the cential lacteal of the villus. The lymph- 
cells are present not only in the reticular tissue of the villus, but also 
in considerable number between the epithelium-cells ; and they can 
also be seen in thin sections from osmic preparations within the com- 
mencing lacteal ; but in the last situation they are in every stage of 
disintegration. 

Since the lymph-cells are amceboid, it is probable from these facts 
that the mechanism of fat-absorption consists of the following pro- 
cesses — viz. (1) absorption of fat into the columnar epithelium-cells of 
the surface ; (2) inception of fat by the lymph-corpuscles in the epi- 
thelium, partly from the epithelium-cells, and partly, perhaps, directly 
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from the intestinal contents ; (8) migration of the lymph-corpuscleS 
carrying the incepted fat-particles by their amoeboid movements through 
the tissue of the villus and into the central lacteal ; (4) disintegration 
and solution of the immigrated lymph-corpuscles, and setting free both 
of their fatty contents and also of the proteid matters of which they 
are themselves composed. 


A 
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This migration of the lymph -corpuscles into the lacteals of the 
vilh is not a special feature of fat-absorption alone, but occurs even 
when absorption of othei matters is proceeding ; so that the transfer- 
ence of fat-particles is mei ely a part of a more general phenomenon 
accompanying absorption. 

THE LAROE INTESTINE. 

The large intestine has the usual four coats, except near its ter- 
mination, where the serous coat is absent. The muscular coat is pecu- 
liar in the fact that along the caecum and colon the longitudinal 
muscular fibres are gatbeied up into three thickened bands winch pro4 
duce puckerings in the wall of the gut. 
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The mucous membrane of the large intestine is beset with simple 
tubular glands somewhat resembling the crypts of Lieberkiihn of the 
small intestine, and lined by columnar epithelium similar to that 
of the inner surface of the gut, but containing many more mucus- 
secreting or goblet cells (fig. 186). The extremity of each gland is 
usually slightly dilated. Tlie interglandular tissue is like that of the 
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stomach, as is also tlie arrangement of the blood-vessels and lymphatics 
in it. The nerves of tlie large intestine also resemble those of the 
small intestine and stomach in their arrangement. 

At the lower end of the rectum the circular muscular fibres of the 
gut become thickened a little above the anus so as to form the internal 
sphincter muscle. In this region also there are a number of compound 
racemose mucous glands opening on to the surface of the- mucous 
membrane. 


154 


THE ESSENTIALS OF HISTOLOGY 


LESSON XXXL 

STRUCTUBE OF THE LIVER AND PANCREAS. 

1. Make sections of liver and study them carefully with a low and hij(h 
power. Sketch the general arrangement of the cells in a lobule under the 
low power and under the high power. Make very careful drawings of some 
of the hepatic cells and also of a portal canal. 

2. Study, first of all with the low and afterwards with a high power, a 
section of the liver in which both the blood-vessels and the bile-ducts have been 
injected. Make a general sketch of a lobule under the low power and draw a 
small part of the network of bile-canaliculi under the high power. 

3. Tease a piece of fresh liver in salt solution for the study of the appear- 
ance of the hepatic cells in the recent living condition. 

4. Prepare sections of the pancreas from a gland which has been hardened 
in alcohol. The sections are stained with borax-carmine and mounted in 
the usual way in Canada balsam. 

Make a sketch under the low power. 

6. Tease a small piece of fresh j)ancrea8 in salt solution. Notice the 
granules in the alveolar cells, chiefiy accmnulated in the half of the cell which 
is nearest the lumen of the alveolus, leaving the outer zone of the cell clear. 

Sketch a small portion of an alveolus under a high power. 


THE LIVER. 

The liver is a solid glandular mass, made up of the hepatic 
lobules. These are polyhedral masses (about 1 mm. in diameter) of 
cells, separated from one another by connective tissue. In some 
animals, as in the pig, this separation is complete, and each lobule is 
isolated, but in man it is incomplete. There is also a layer of con- 
nective tissue underneath the serous covering of the liver, and forming 
the so-called capsule of the organ. 

The blood-vessels of the kver (portal vein and hepatic artery) enter 
it on its under surface, where also the bile-duct passes away from the 
gland. The branches of these three vessels accompany one another 
in their course through the organ, and are enclosed by loose connec- 
tive tissue (capsule of Glisson), in which are lymphatic vessels, the 
whole being tenned a portal canal (fig. 187). The smallest branches 
of the vessels penetrate to the intervals between the hepatic lobules, 
and are known as the interlobular branches. The blood leaves the 
liver at the back of the organ by the hepatic veins : the branches of 
these run through the gland unaccompanied by other vessels (except 
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lymphatics) and can also be traced to the lobules, from each of which 
they receive a minute branch (intralobular vein) which passes from the 
centre of the lobule, and opens directly into the (sublobular) branch 
of the hepatic vein. 



Fig. 187.--Seih(>n or a torial (ANal. 

ff, branch of Lepatic artery ; t, branch of portal rein ; d, bile-duct ; 7,7, 1\ niplxatlcs in tlie 
areolar tifesue of Olisson’v f ai)snlc whicli eiiolos(s tJie voat-tK, 



FlO. 188.—DiAOKAMMA11<’ UErRK-iFNrATIOV OF TWO IIKPATir lAIBULKS. 


The left-hand lobule is rei>reseuted with the iuti^obular vein cut acrose ; in the right-liand 
one the section takes the course of the intralobular vein p, interlobular branches of the 
portal vein ; h Intralobular branches of the hepatic veins ; «, sublobular vein ; c, capil- 
laries of the lobules. The arrows indicate the direction of the course of the blood. The 
liver-oells are only lepresonted in one i»rt of each lobule. 


Each lobule is a mass of hepatic cells pierced everywhere with a 
network of blood-capillaries (fig. 188 ), which arise at the periphery of 
the lobule, there receiving blood from the interlobular branches of the 
portal vein (jy), and converge to^ the centre of the lobule, where they 
unite to form the intralobular branch of the hepatic vein. The inter- 
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lobular branohes of the hepatic arteries join this capillary network a 
short distance from the periphery of the lobule. 

The hepatic cells (fig. 189), which everywhere lie between and sur- 
round the capillaries, are polyhedral, somewhat granular-looking cells, 



Fio. 189 — Smiov of rabbii’s iimr wnii lui iMriKFiiiTAR m n\ouk of 
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each containing a spherical nucleus. After a meal, the cells in the 
outer part of the lobule may become filled with fat, and massed of 
glycogen can also frequently be seen within the cells. 

The bile-dticts commence between the hepatic cells in the form of 
fine canaliculi, which lie between the adjacent sides of two cells, and 
form a close network, the meshes of which correspond in size to the 
cells ^fig. 189). At the periphery of the lobule these fine canaliculi 
pass into the interlobular bile-ducts (fig. 190), the columnar epithe- 
lium^pellp of which become, by a gradual transition, changed into 
cubical and polyhedial cells, which join those of the hepatic lobules. 

The bile-ducts are lined by clear columnar epithelium (fig. 187, d). 
Outside this is a basement-membrane, and in the larger ducts some 
fibrous and plain muscular tissue. Many of the larger ducts are beset 
with small caecal diverticula. 

The gall-bladder is in its general structure similar to the larger bile- 
ducts. It is lined by columnar epithelium, and its wall is formed of 
fibrous and muscular tissue. 

The lymphatics of the liver are said to commence as perivascular 
lymphatic spaces enclosing the capillaries of the lobules. Efferent 
lymphatics pass away from the organ in the connective tissue which 
invests the portal and hepatic veins. 
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a, ceutidl vein , 6 , b, pciiphei il or luteilobular vliii->, c, mterlobuUi bile-duct. 


THE PANCREAS. 

The pancreas is a tubulo-racemose gland, resembling the salivary 
glands, so far as its general structure is concerned, but differing from 
them in the fact that the alveoli, in place of being saccular, are longer 
and more tubular in character (fig. 191 ). Moreover, the connective tissue 
of the gland is somewhat looser, and there occur in it at intervals 
small groups of epithelium-like cells, which are supplied with a close 
network of convoluted capillary vessels ; their function is unknown, 
but their presence is very characteristic of the pancreas. 

The cells which line the alveoli are columnar or polyhedral in 
shape. When examined in the fresh condition, or in osmic prepara- 
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tions, their protoplasm is filled in the inner two-thirds with small 
granules, but the outer third is left clear (fig. 192, A ), After a period of 



1*10 191 — SfcIIOV OI' IHF FVNCREAS 01 IHF DOG. 
rf ttrnimation of a dnct iii the tubular alyeoli, ah. 



A. B. 

I lo 192.— Part ot \n aivlolis of thp uarbii pvmrf\s, A, ai rfsi ; 
By AF n R Acin y bFCRBriov (tester, after Kuhne and Lea.) 

ff, the inner granular /one, which in A is larger and moie doselv studded with fine granu^e^ 
tlian in fl, in which the granules are fewer and coarser , b the outer transparent zone, 
small in Ay larger in if, and in the Utter marked with faint stnai, c, the lumen very 
obvious in .S, -but indistinct in A y d, an indentation at the junction of two cells, only 
seen in B 


activity the clear part of the cell becomes larger, and the granular 
part smaller (B). In stained sections the outer part is coloured more 
deeply than the inner. 

In the centre of each acinus there may generally be seen some 
spindle-shaped cells, the natuie of which (whether epithelial or coir 
nective tissue) has not been AeteimmQi [cenbo-acmar cells of Laii* 
gorhans). 
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LESSON XXXIL 

STRUCTURE OF THE SPLEEN, SUPRARENAL CAPSULE, AND 
THYROID BOD^ 

1. Sections of the spleen stained with logwood. Notice tho trabeculae extend- 
ing into the substance of the organ from the capsule. Notice also that the 
glandular substance is of two kinds, (1) lymphoid tissue accumulated round 
the small arteries and here and there massed to form lymphoid nodules — the 
Malpighian corjmscles of the spleen — and, (2) a tissue consisting of a 
reticulum of branched and flattened cells containing blood in its interstices 
and pervaded by capillaries and venous radicles. 

Sketch part of a section under a low power and a small portion of the 
reticulum under a high power, 

2. Sections across a suprarenal capsule. Examine fliot mxJi a low 
power, noticing the general arrangement and extent of the cortical and 
medullary parts of the organ, making a general sketch which shall include 
both. Afterwards sketch carefully imder the high power a group of cells 
from each part of the organ. 

3. Sections of the thyroid body stained with logwood. Notice the vesicles 
lined with cubical epithehum and filled with a ‘ colloid ’ substance which be- 
comes stained by the logwood. Notice also in some parts of the sections a 
peculiar highly vascular retiform tissue. Sketch a part of this tissue and also 
one or two vesicles. Measure several vesicles. 


THE SPLEEN 

The spleen is the largest of the so-called ductless glands. It 
appears tu be connected in some way with the elaboration of the blood, 
white blood-corpuscles being certainly formed and the coloured blood- 
corpuscles being probably submitted to destruction within it. 

Like the lymphatic glands, the spleen is invested with a fibrous and 
muscular capsule (fig. 198, A), and this again has a covering derived 
from the serous membrane. The capsule sends fibrous bands or tra- 
beculsB {b) into the organ, and these join with a network of similar 
trabeculce which pass into the gland at the hilus along with the blood- 
vessels. In the interstices of the fibrous framework thus constituted 
hes a soft pulpy substance containing a large amount of blood, and 
therefore of a deep red colour, dotted within which are here and there 
to be seen small whitish specks, the Malpighian corpuscles of the spleen 
(c, c). These are composed of lymphoid tissue which is gathered up 
into masses which surround the smaller arteries, whilst the red pulp 
which everywhere surrounds them and which forms the bulk of the 
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organ is composed of a close network or spongework of flattened and 
jSEcached cells like connective-tissue corpuscles. Coursing through the 
pulp and communicating with its interstices are capillary blood-vessels 


A 



IlG 193 . — VHJKil STCJlONOt ASM\1I SI U I I K lAl POUIIOVOF IHF HI MAN 
SPI LEN, AS SI J \ W I J 11 A I (iM 1 OWFl. 

A, i)pntoncftl and fibiou** covcrinpr , h train cuR c, c Malpifrhiau coipusclGS, in one of which 
an aiter> i*) seen cut tnviisvcrbcJ\, m the otlier loii^atudm illy , injected arterial twigs; 
fy aplccn-pulp 



Fig. 194 . — Thin section ok bPLiiN-iup, nioiiiY maoniiih), showing jiif 

MODE OF OBIGIN Of A SM MI VFIN IN THF INllKSTUI-S Ol IIIF PUDP. 

e, the Tein, filled with hlood-corpusi les, which are in continuity with others, W, filling up the 
interstices of the retifonn tissue of the pulp , «», wall of the vein. The shaded bodies 
amongst the red blood-coipuacles oie pale corpuscles. 


which are connected with the terminations of the arteries ; whilst in 
other parts venous channels arise from the pulp, and bring the blood 
which has passed into its interstices from the arterial capillaries 
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towards the larger veins of the organ, which run in the trabecula?, and 
are by them conducted to the hilus. The arteries, which are also at 
first conducted ‘from the hilus along the trabeculas into the interior of 
the organ, presently leave the trabeculae, and their external coat 
becomes converted into a thick sheath of lymphoid tissue which invests 
them in the remainder of their course, and in places becomes swollen 
into the Malpighian corpuscles already mentioned. These small 
arteries distribute a few capillaries to the Malpighian corpuscles, and 
then break up into pencils of small vessels which open into the pulp in 
the manner already mentioned. 

The cellular elements of tl^e spleen-pulp are of three kinds, viz. 
large, amoeboid, connective-tissue cells, also called lymph- 

corpuscles, and the branched, flattened cells which form the sponge- 
work. The first-named are frequently found to contain coloured 
blood-corpuscles in their interior in various stages of transformation 
into pigment. 

The lymphatics of the spleen run partly in the trabociilff and cap- 
sule, and partly in the lymphoid tissue ensheatliing tlie arteries. They 
join to form larger vessels which emerge together at tlie lulus. 


THE SVFBAliENAL CAmULEH. 

The suprarenal capsules belong to the class of bodies known as duct- 
less glands, but they are entirely diflerent in structure from the spleen 
and lymphatic glands. A section through the fresh organ (fig. 195) 



Fig. 105. — A vertical sf( i ion of iiii strituiEXAi body of a klics, twice 

THE NATl RAL siZF, SHO>MNG TIIK DISJIN< IIUN RKIV'IEN lHh MEDULLARY 
AM> CORIICAL SlBSTAN(L. 

r, Ismiiiig yeiii ; /*, sunniiit of kninoj. 

shows a cortical zone which is striated vertically to the surface, and of a 
yellowish colour, and a medulla which is soft and highly vascular, and 
of a brownish-red colour. The whole organ is invested by a fibrous 
capsule which sends fibrous septa inwards to the cortical substance 
(fig. 196), subdividing this for the most part into columnar gi*oups of cells 
(zona fasciculata, c). Immediately underneath the capsule, however, 

M 
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the groups are more rounded (zona glomerulosa, i), whilst next to the 
medulla they have a closely reticular arrangement (zona reticulans, d), 
and a similar disposition both of the cells and the connective tissue is 
noticeable throughout the medulla. 

The cells which form the rounded groups and columns of the cortical 
substance are polyhedral m form (fig, 197) , each contains a clear round 
nucleus, and thoie are often yellowish oil-globules m their protoplasm. 



1 IG 196 — V h UTIGAI SF( 1 ION OI Si } R V 

KFNAL iK)DV (Magnified.) 


1, cortical substance , 2 medullary feubstaiico 
ft. capsule, 6 zona glomerulosa, c zona 
fasciculHia , d rona reticularis , e groups 
of medullary cells , ^ section of a large vein 



Ijo 197. — Cn i s AM) GUI groiis 

FROM IIIF C jrKRA10<nl ! AYUt OI 
THF lOKlKAl SIBSIAMF OF IHE 
8irRARENAL 1J01>\ 



llG 198. — A SMAll FOBIION OF IIIK 
WJDUILARY VART OF IHK bl FRA- 
RFNAL. CAPSl LK 01 rJlL OX. 


No blood-vessels peiietiate between these cells, both the blood vessels 
and lymphatics of the cortex running in the fibrous septa between the 
columns , the lymphatics liave been stated to communicate with fine 
spaces which run between tlie cells ol the columns. 

The cells of the medulla (fig. 198) aie moie irregular in shape, and 
are often blanched. Their protoplasm is either cleai, or it may m some 
ammals contain a brownish pigment, but in man the daikred colour of 
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the medulla is largely due to the blood contained in the large venous 
spaces by which it is pervaded, and which receive the blood after it has 
traversed the capillaries of the cortex. Investmg the larger veins are 
bundles of plain muscular fibres ; and numerous nerves, after traversing 
the cortical substance, are distributed throughout the medulla, where 
they form a close plexus provided with ganglion-cells. 


THE THYROID BODY 

The th3rroid body consists of a framework of connective tissue en- 
closing numerous spherical or oval vesicles (fig, 199) which are lined 
with cubical epithelium. The cavities of the vesicles are filled with a 
peculiar viscid liquid which is coagulated by alcohol and which then 
becomes stained by haematoxylin. A similar material has been found 



1 iG. lyy. — Sl( noN OF iJiF iiiyKoii) AM) oi* A ciiiin 

Two complete vesicles and portions of otliers are leprescntcd The vtslclts axe filled with 
oollohi winch also occupies the int< r'ltitiol spaces In the middle of one of the spaces a 
Wood vessel is seen cut oWiqueh, and tlose to it is a pU'-ma-ocll Between the cubical 
epithelium cells, smaller cells like l^iuph-xoipnscles aic heic and there seen. 


in the lymphatics of the gland, and may sometimes be detected also in 
the interstices of the connective tissue. 

The blood-vessels of the thyroid are exceedingly numerous, and the 
capillaries form close plexuses round the vesicles. Some of the blood- 
vessels are distributed to a peculiar highly vascular rotiform tissue 
which occurs in patches here and there in the organ. 

Disease of the thyi’oid or its extirpation is accompanied by remark- 
able changes in the chemical composition of the blood and many of the 
tissues, resulting chiefly in the accumulation within them of a large 
amount of mtictn ; a condition of general myxoudema, and eventually of 
cretinism, being produced. 
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LESSON XXXIII. 

STRUCTURE OF THE KIDNEY, 

1. Sections passing through the whole kidney of a small mammal, such as a 
mouse or rat. These sections will show the general arrangement of the organ 
and the disposition of the tubules and of the Malpighian corpuscles. 

A general sketch should be made of one of these sections under a low 
power. 

2. Thin sections of the kidney of a larger mammal, such as the dog, may 
next be studied. In some the direction of the section should be parallel 
with the tubules of the medulla, and in others across the direction of those 
tubules. The characters of the epithelium of the several parts of the urimferous 
tubules are to be made out in these section^. 

8. Separate portions of the uriniferous tubules may be studied in teased 
preparations from a kidney which has been subjected to some process 
which renders it possible to unravel the uriniferous ubules for a certain 
distence.^ 

4. Sections of a kidney in wliich the blood-\essels have been injected. 
Examine these with a low power of tJie microscope. Try and follow the 
course of the arteries —those to the cortex sending their branches to the 
glomeruli, those to the medulla rapidly dividing into pencils of fine vessels 
which run between the straight urimferous tubules of that part. Notice also 
the efferent vessels from the glomeruli breaking up into the capillaries which 
are distributed to the tubules of the cortical substance. 

Make sketches showing these points. 


The kidney is a compound tubular gland. To the naked eye it ap- 
pears formed of two portions — a cortical and a medullary — the latter 
being subdivided into a number of pyramidal portions (pyramids of 
Malpighi), the base of each being surrounded by cortical substance, while 
the apex projects in the form of a papilla into the dilated commence- 
ment of the ureter (pelvis of the 'kidney).’^ Both cortex and medulla 
are composed entirely of tubules —the uriniferous tubules — which have 
a straight direction in the medulla and a contorted arrangement in the 
cortex; but groups of straight tubules also pass from the medulla 
through the thickness of the cortex (medullary rays). 

The uriniferoTUi tubules begin in the cortical part of the organ in 
dilatations, each enclosing a tuft or glomerulus of convoluted capillary 

* For a method which may be employed for this purpose, see Course of Prac- 
tical Histology, p. 209. 

In many animals the whole kidney is formed of only a single pyramid, but 
in man there are about twelve. 
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blood-vessels, the dilated commencement of tlic tubule being known 
as the capsule (fig. 200, i). The tubule leaves the capsule by a nar- 
row necJc (2) ; it is at first convoluted (first convoluted tuibule^ 3), but 



Fi<r 200 — Diagram of tub coirsi or iwo ikimbirois iibuibs. 

A« cortex , B, Iwundiiry zone , ( , papillarv zone of th« medulla , a, a', superflt ial and deep 
la} ers of oortex, free from glonienih Tor the explanation of the numerals, see the text 


soon becomes nearly straight or slightly spiral only (spiral tubule^ 4), 
and then, rapidly narrowing, passes down into the medulla towards the 
dilated commencement of the ureter as the descending tuhule of Henle 
(5). It does not at once, however, open into the pelvis of the kidney, 
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but before reachiiig the end of the papilla it turns round in the form of 
a loop {loop of Henle, r») and passes upwards again towards the cortex, 
parallel to its former course and somewhat larger than before {ascend^ 
ing tubule of HenUj 7 , 8 , 9). Arrived at the cortex, it at first becomes 
irregularly zigzag {zigzag tubule^ lo), and then again convoluted as at 
first {second convoluted tubule , 1 1 ), eventually, however, narrowing into 
a vessel {junctional tubule^ 12 ) which joins a straight qt collecting tubule 
( 13 ). Tliis now passes straight through the medullary substance of 
the kidney ( 14 ) to open at the apex of the papilla as one of the ducts 
of Bellini ( 15 ), 

The tubules are throughout bounded by a basement -membrane. 



llG. ‘20K — 11 BULKS 1 ROM A StClION THE IXXj’s KIDNKT. 


Capsule, enclosing the glomerulus, n, neck of the capsule, c, c, convoluted tubules; 

6, foregular tubules , d, collecting tube , c*, e, spiral tubes , /, part of the ascending limb 
of Houle’s loop, here (in the mcdullaiy ray) narrow. 

which is lined by epithelium, but the characters of the epithelium-cells 
vary in the different parts of a tubule. In the capsule the epithelium 
is flattened and is reflected over the glomerulus (fig. 201, a). In the 
first convoluted and spiral tubules it is thick, and the cells show a 
marked fibrillar structure (figs. 202, 203). Moreover, they interlock 
laterally and are difficult of isolation ; in many animals they have been 
shown to be ciliated. In the narrow desceiiding limb of the looped 
tubule (fig. 204, c), and in the loop itself, the cells are clear and flat- 
tened and leave a considerable lumen; in the ascending limb they 
again acquire the striated structure and nearly fill the lumen. The 
fibrillations of the cells are still more marked in the zigzag tubules 
(fig. 201, ij, and a similar structure is present also in the second 
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Jig 202 — Siuucri ki* of thf iinHiriiMOB ihi convoi uifd iiiiLLm. 

rf, section of a oonvoliiti I tubule from th( rit showing tbe unaltered proto 
plasm occupjmj? a circular aiea around the nucleus ot each cell, a b c 
isolated cells from the convoluted tubules of the rat e I'-olated celK from 
the doff 8 kidney, viewed from the inner surface, and shownii? the irrcgul a 
cfutour of the protoplasm,/, isolated cells Irom the newt showiiM the 
ro Is an 1 the horaoj?cncc us cuitioul ir laver 



llQ 204.*— PonilONb OI 1UBIIFS> ISObATEO. 
(Cadiat ) 

a, large collecting tubule , 6 loop of ITenle c, desc^udjng 
tubule ot Hcnle 
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convoluted tubules, into which these pass^ On the other haud» the 
junctional tubule has a large lumen and is lined by clear flattened 
cells, and tlie collecting tubes have also a very distinct lumen and are 
lined by a clear cubical or columnar epithehum (figs. 201, d ; 204, a). 



1 * 1 ^. 205 — Si < iioN ACttoss A 1 viiLLA oi iHf KiDNFV. (Tadiat ) 

« Hrg{ collecting tubc^ (ducts of Belhm ) h e d, tubules of Henle e,f bloo 1 capillaries 


Tlie following gives a tabular view of tlie paits which compose a 
uimiferous tubule, and the natuie of the epithelium in each part 


Portion of tubule 

"Nature of eintliclimu 

T odition of tubule 

Capsule 

Flattened, reflected over glomeiulus 

Labyrinth of coitex 

First convoluted 
tube 

Cubical, iibiillated, ciliated, the cells 
interlocking 

Labyrinth of cortex 

Spiral tube 

Cuuical, flbnllattd (like the last) 

Medullary ray of cor 
tex 

Smaller descend 
ing tube of 
Henle 

Clear, flattened cells 

Boundary zone and 
partly papillary zone 
of medulla 

Loop of Henle 

Like the last 

Papillary zone of 
medulla 

Medulla, and mediil 

Larger or ascend 

Cubical, fibrillated, sometimes imbri 

mg tube of 
Henle 

cated 

lary ray of cortex 

Zigzag tube 

Cells strongly flbrillated, varymg in 
height , lumen small 

Labyrinth of cortex 

Second convo- 
luted tube 

Similar to first convoluted tube, but I 
cells are longer, with larger nuclei, | 
and they have a more refractive 
aspect 

Cleai flattened and cubical cells 

Labyrinth of cortex 

Junctional tube 

Labyrinth passing to 
medullary ray 
Medullary ray and 
medulla 

Straight or col 
lecting tube 

Clear, cubical and columnar cells 

Duct of Bellini . 

Clear, columnar cells * 

Opens at apex of 
papilla 
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Blood-ve«d8.— The artery of the kidney divides into branches 
on entering the organ, and these branches pass towards tlie cortex, 
forming incomplete arches between the cortex and the medulla (fig. 
206, a). The branches of the renal vein form similar but more com- 
plete arclies {g). From the arterial arclies vessels pass through the 





Pig. 20C.— Vascular sruruY t>p kidrlv. (Cadiat.) 

part of arterial arch ; 6, interlobular artery ; c, gloiiierulusi ; d, efferent Teasel passing to 
medulla as feilae art. root. ; e, capillaries of oortox ; y, capillaries of medulla ; g, Teiious 
arch ; A, straight veins ot medulla ; vena stcllula ; *, iiitetlobular vein. 


cortex {interlobular arteries^ 5), and give off at intervals small arteri- 
oles {efferent vessels of the glomeruli) , each of which enters the dilated 
commencement of a uriniferous tubule, within which it forms a 
glomerulus. From the glomerulus a somewhat smaller efferent vessel 
passes out. and this at once again breaks up into capillaries, which 
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are distributed amongst the tubules of the cortex (e) ; their blood is 
collected by veins which accompany the arteries and join the venous 
arches between the cortex and the medulla, receiving in their course 
certain other veins which arise by radicles which have a somewhat 
stellate arrangement near the capsule {vena stelhilcBt j). 

The medulla derives its blood-supply from special offsets of the 
arterial arches, which almost immediately break up into pencils of 
fine straight arterioles running in groups between the straight tubules 
of the medulla. These arterioles gradually break up into a capillary 
network with elongated meshes which pervades the medulla (fig. 206,/), 
and which terminates in a plexus of somewhat larger venous capillaries 
in the papillfe. From these and from the other capillaries the veins 



Fig. 207.--SiirTioN throi^gii taut of the dog’s kidney. 

jj, papillary, and p, boundary zones of tlie medulla ; r, cortical laj er ; bnn{lles of 
tubules in the boundary la>er, separated bj spaces, &, containing bunches of 
vessels (not here represented), and prolonged into the cortex as the medullary 
rays, m; c, intervals of cortex, composed chiefly of convoluted tubules, ^Mth 
Irregular rons of glomeruli, between the medullary rajs. 

collect the blood, and pass, accompanying the straight arterioles, into 
the venous arches between the cortex and medulla. The groups of 
small arteries and veins (vasa recta) in the part of the medulla nearest 
the cortex alternate with groups of the uriniferous tubules, and this 
arrangement confers a striated aspect upon this portion of the medulla 
(boundary zone, see fig. 207). 

The efferent vessels of those glomeruli which are situated nearest 
to the medulla may also break up into pencils of fine vessels {false 
arteria recta) and join the capillary network of the medulla (fig. 198, d)» 
Between the uriniferous tubules, and supporting the blood-vessels, 
is a certain amount of connective tissue (fig, 206), within which are 
. cleft-like spaces from which the lymphatics of the organ originate. 
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LESSON XXXIV. 

STRUCTURE OF THE URETER, BLADDER, AND MALE 
QENERATIVE ORGANS. 

1. Sectio!}’ across the ureter. 

4 

2. Section of the urinary bladder vertical to the surface. 

In the sections of the ureter suad of the urinary bladder, notice the 
transitional epithelium resting on a mucous membrane, which is composed 
chiefly of areolar tissue without glands, and the muscular coat outside this. 
In the ureter there is some fibrous tissue outside the muscular coat, and at 
the upper part of the bladder there is a layer of serous membrane covering 
the muscidar tissue. Sketch a section of the ureter under a low power, and 
the epithelium of the bladder under the high power. 

3. Section across the penis. The blood-vessels of the organ should have been 
injected so as the better to exhibit tlie arrangement of the venous spaces which 
constitute the erectile tissue. Notice tlie large venous sinuses of the corpora 
cavernosa and the smaller spaces of the corpus spongiosmn, in the middle of 
which is seen the tube of the urethra. 

4. Section across the testis and epididymis. The sections are best made 
from a rat’s testis which has l>oen hardened in alcohol and pieces of which 
have been stained in bulk in dilute logwood. In these sections notice the 
strong capsule surrounding the gland, the substance of which consists of 
tubules which are variously cut, and the epithelium in which is in different 
conditions of development in the different tubules. Observe the strands of 
polyhedral interstitial cells lying in the loose tissue between the tubules and the 
lymphatic clefts in that tissue. Notice also in sections through the epididymis 
the ciliated epithelium of that tube. 

Sketch carefully under a high power the contents of some of the semini- 
ferous tubules so as to illustrate the mode of formation of the spermatozoa, 

5. Examination of spennatozoa. The spermatozoa are to be obtained 
fresh from the testis or seminal vesicles of a recently killed animal and ex- 
amined in saline solution. Their movements may be studied on the warm 
stage; to display their structure a very high power of the microscope is 
necessary. Measure and sketch thiee or four spermatozoa. 


The ureter is a muscular tube lined by mucous membrane. The 
muscular coat consists of three layers of plain muscular tissue, an 
outer and inner longitudinal and a middle circular. Outside the mus- 
cular coat is a layer of fibrous tissm in which the blood-vessels and 
Serves ramify before entering the muscular layer. 

The mucous membrane is composed of areolar tissue and is li^ 
by transitional epithelium. 
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The urinary bladder has a muscular wall lined by a strong mucous 
membrane and covered in part by a serous coat. 

The muscular coat consists of three layers, but the innermost is 
incomplete. The principal fibres run longitudinally and circularly, 
and the circular fibres are collected into a layer of some thickness 
which immediately surrounds the commencement of the urethra, form- 
ing the sphincter vesicce. The mucous membrane is lined by a transi- 
tional stratified epithelium like that of the ureter. The shape and 
structure of the cells have already been studied. 

The penis is mainly composed of cavernous tissue which is collected 
into two principal tracts— the corpora cavernosa ^ one on each side, and 
the corpnis spongiosum in the middle line inferiorly. All these are 
bounded by a strong capsule of fibrous and muscular tissue, containing 
also many elastic fibres and sending in strong septa or trabeculsB, 



Fiu. 208 . — Skc'iion op erkciile tissue. (Cadiat.) 

w, trabertilai of connoctire tissue, with elantic fibres, and bundles of plain muscular 
tisHUe (c); venous fc.paces. 

which form the boundaries of the cavernous spaces of the erectile tissue 
(fig, 208), The arteries of the tissue run in these trabeculae, and their 
capillaries open into the cavernous spaces. On the other hand, the 
spaces are connected with efierent veins. The arteries of the cavernous 
tissue may often in injected specimens be observed to form looped or 
twisted projections into the cavernous spaces {helicine arteries of 
Muller), 

Urethra, — The cross-section of the urethra appears in the middle 
of the corpus spongiosum in the form of a transverse slit. It is linett 
by columnar epithelium, except near its orifice, where the epithelium is 
stratified. The epithelium rests upon a vascular mucous membrane, 
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and this again is supported by a coating of submucous tissue, con- 
taining two layers of plain muscular fibres— -an inner longitudinal and 
an outer circular. Outside this again is a close plexus of small veins 
which are connected with, and may be said to form part of, the corpus 
spongiosum. 

The miLcous membrane of the urethra is beset with small mucous 
glands, simple and compound (glands of LitM), There are also a 
number of oblique recesses termed lacunae. Besides these small glands 
and glandular recesses, two compound racemose glands open into the 
bulbous portion of the urethra (Cowimfs glands). Their acini are lined 
by clear columnar cells which secrete mucus. 

The prostate^ which surrounds the commencement of the urethra, 
is a muscular and glandular mass, the glands of whicli are composed 
of tubular alveoH, lined by columnar epithelium, with smaller cells 
lying between them and the basement-membrane. Their ducts open 
upon the floor of the urethra. 

The integument of the penis contains numerous special nerve end- 
organs of the nature of end-bulbs, and Pacinian bodies have also been 



Fig. 20y.— TKANSViiKsK sw- 

TION THIlOUiiir TIIK KKUIT 
TKSTICI.E AND THE TUNU A 
VAHINALIS. 

flr, connective tis'^uo envelopinf? 
the iwrietal layer of the tunica 
vaf^nalls; &, thiH layer itself; 
<*, cavity of the tunica va^i- 
ualift; d, reflected or vi-soeral 
layer adherin*? to the tunica 
albuprinea ; /, oovermf? of opi- 
dld3rtm8 (r/) ; A, mediastinum 
testis ; <, branches of the sper- 
matic artery ; k\ spermatic 
vein ; vas deferens ; m, wiiall 
artery of the vos deferens ; 

0, septa or processes from the 
mediastinum to the surface. 



Fio. 210 . — Plan ok a veu- 

TICAL SECTION OF THE 
TESTICLE, SHOWING TH K 
AltItANGBMKNT OF THE 
Dn’l’S. 

The true length and diameter of 
the ducts have been disre- 
garded. o, tubuli seuiiinferi 
coiled up in the seimrate lobes ; 
6 . va'.a recta; f, rete vascu- 
losum ; d, vasa oft'erontia end- 
ing in the coni vasculosi ; /, e, f/, 
convoluted canal of the cpi- 
did3TOis ; A, vas deferens ; /, 
section of the back part of the 
tunica albuginea; t, fibrous 
piooesses running between the 
lobes ; / to mediastinum. 


found upon the nerves. Lymphatic vessels are numerous in the in- 
tegument of the organ and also in the submucous tissue of the urethra. 
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uniting with the other straight tubules, a network of intercom- 
municating vessels, which is known as the rete testis. Prom the rete 
a certain number of efferent tubules arise, and after a few convolutions 
pass into the tube of the epididymis. 

Structure of the tubules. — The scTninifevous tubules are formed of 
a basement-membrane, and contain several layers of epithelium-cells. 
Of these layers, the one next the basement-membrane is a uniform 
layer of clear cubical cells [hniiig epithelium)^ the nuclei of which, for 
the most part, exhibit the irregular network which is characteristic of 



Fig. 212. — Siciiox or pauis off threk sfmimi lkous jprulvs of tiil rm, 

ff, with the spermatozoa least advanced m developmeut ; 6, more advanced, c, oontainniff 
fully developed sperinato/oj. Between the tubulea are seen strands of interstitial cells 
with blood-vessels and Ij inph-bpaces. 

the resting condition. Here and there these epithelium-cells appear 
enlarged and to project between the more internal layers. 

Next to this layer of cubical epithelium there is seen a layer of 
larger cells [spermatogenic cells), the nuclei of which have the skein- 
like aspect which is typical of commencing division ; these cells may 
be two, three, or more deep (as in the tubule a, fig. 212). Next to them, 
and most internal, are to be seen in some tubules (h and c) a large 
number of small protoplasmic ooi pusclcs with simple circular nuclei 
[spermatohlasts). In other tubules these corpuscles are elongated, 
and the nucleus is at one end, and in others again these elongated 
cells are converted into evident spermatozoa, which lie in groups with 
their heads projecting between the deeper cells and connected with one 
of the enlarged cells of the lining epithelium, and their tails emerging 
into the lumen of the tubule (fig. 212, h). As they become matured 
they gradually pass altogether towards the lumen, where they eventually 
become free (c). During the time that this crop of spermatozoa has 
been forming, another- set of spermatohlasts has been produced by the 
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division of the spermatogenio cells, and on the discharge of the sperma- 
tozoa the process is repeated as before. 

The straight tubules which lead from the convoluted seminiferous 
tubes into the rete testis (fig. 211) are lined only by a single layer 
of clear flattened or cubical epithelium. The tubules of the rete idso 
have a simple epithelial lining, but the basement-membrane is here 
absent, the epithelium beuig supported directly by the connective 
tissue of the mediastinum. 

The efferent tubules which pass from the rete to the epididymis, 
and the tube of the epididymis itself, are hned by columnar ciliated 
epithelium, the cilia being very long ; these tubes have a considerable 
amount of plain muscular tissue in their wall. 



Fig. 213. — SEcnoN a< uo'.s hie commencemem of 

rHF VAS DBFEKENS, 

rr, epithelium , 6, mucous membmiie ; c, d, inner, middle, and 
outer layers of the niu&culor coat , /, bundles of the internal 
ortmasi^r muscles , y section of a blood-yessel. 


The VOS deferens (fig. 21B) is a thick tube, the wall of which is 
formed of an outer thick layer of longitudinal bundles of plain muscular 
tissue ; within this an equally thick layer of circular bundles of the same 
tissue, and within this again a thin layer of longitudinal muscle. The 
tube is lined by a mucous membrane, the inner surface of which is 
covered by columnar non-ciliated epithelium. 

The connective tissue between the tubules of the testis is of very 
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loose texture, and contains numerous lymphatic clefts, which form an 
intercommunicating system of commencing lymphatic vessels. Lying 
in this intertubular tissue are strands of polyhedral epithelium-like 
cells (interstitial cells) of a yellowish colour ; they are much more 
abundant in some species of animals (cat, boar) than in others. They 
accompany the blood-vessels before these break up to form the capillary 
networks which cover the walls of the seminiferous tubules. 



Fig. 214. — Human spehmaio/oa. 

1, In profile ; 2, viewed on the flat b, lioad; c, middle-piece , d, tail ; c, end-piece of the tail. 

The spermatozoa. — Each spermatozoon consists of three parts, a 
heady a middle part or bodj/^ and a long tapering and vibratile tail. 
In man (fig. 214) the head is of a flattened oval shape, somewhat more 
flattened and pointed anteriorly ; and the middle-piece is short and 
cylindrical, and appears to have a spiral fibre passing round it ; but in 
different animals the shape of the head and the extent of the middle- 
piece vary greatly. In the rat the head is long, and is recurved ante- 
riorly ; it is set obliquely on the middle-piece, which is also of con- 
siderable extent, and has a closely wound spiral filament encircling it 
in its whole length. The tail is the longest part of the spermatozoon, 
and during life is in continual vibratile motion, the action resembling 
that of the cilia of a ciliated epithelium-cell. 

The spermatozoa are developed from the small colls or spermato- 
blasts which form the innermost strata of the seminal epithelium, and 
are themselves produced by the division of the large cells of the second 
layer. The nucleus of the spermatoblast forms the head of the sperma- 
tozoon, while the protoplasm forms first the middle-piece and subse- 
quently the tail ; but a portion of the protoplasm of each spermato- 
blast containing a number of small darkly staining particles (seminal 
granules) appears always to become detached and disintegrated before 
the spermatozoon is fully mature. 

N 
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LESSON XXXV. 

GENERATIVE ORGANS OF THE FEMALE, AND MAMMARY 

GLANDS. 

1. Sections of the ovary ol the labbit. Study the sections with the low 
power, observing the small and large Giaafian vesicles, each enclosing an 
ovum, scattered through the stroma. Measure some Graafian vesicles of 
different sizes ; make a general sketch of a section under the low power. 
Then sketch careftdlytwo or more of the Graafian vesicles with their contents. 

2. Sections across the Fallopian tube. Sketch a section under the low power. 

3. Section across the body of the uterus. Observe with the naked eye 
the thickness of the muscular and mucous coats respectively. Notice the 
cihated columnar epithehum liiimg the organ and extendmg into the glands 
of the mucous membrane. Draw a part of the section under the low power. 

4. Sections of the mammary gland from an animal killed during lactation. 
Notice the fat globules m the alveoli and also in the alveolar cells. Draw an 
alveolus under the high power. 


The ovary is a small solid organ, composed of a strorm of fibrous 
tissue, with many spindle shaped cells, and also contaming, especially 
near its attachment to the broad ligament, a large number of plain 



>IG. 215 — SLCnON OF THE OVABY OF IHK CAT J 


I, outer coTtnng and free border of tbc ovary , I', attaobed border , 2, tlie central ovarian 
stroma, presenting a fibrous and vascular structure, 3, peripheral stroma, 4, blood- 
vessels , 6, Graafian follicles in tbeir earliest stages lying near the surface , 3, 7, 8, more 
advanced follicles y^b^ch are embedded more deeply in the stroma , 9, an almost mature 
follicle contaming the ovum in its deepest part , V, a follicle from which the ovum has 
accidentally escaped , 10, corpus lateum 
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muscular fibres. It is covered by a layer of small columnar epithelium- 
cells (germinal epithehim^ fig. 216, a), between which are here and 
there to be seen a few larger spheroidal cells, with large round nuclei 
(primitive ova, fig. 218, c). In the young subject the epithelium may 
occasionally dip down into the subjacent stroma. 

The stroma is beset with vesicles of dilieieiit sizes, the smallest 



1 21b— Si « JioN op iHF ov\ity op \v adui 1 wi< n V 

u, germ i pltbolmm , 6, egg tubes , e, c, entail follicles , d moie advauood follicle , e discub pro 
ligeriis and ovum , Z, Becond ovum m the same tollicic (tin's occuis but larelj ) , g, outei 
tunu of the follicle , h, inner tunic , *, membtana granulosa , 1, collapsed rctrogiarted 
iollicle , I, blood vessclR , m, ro, longitudmal and transverae ‘•ectioiis of tubes of the pare 
vaiiuin , y, involuted portion of the genn-epithMiuin of the surface , g, place of the trinw 
tion from peiitoneal to germinal or ovarian epithelium 

being near the surface of the organ, i^e laiger ones placed more deeply 
in the stroma, although, as they inc:^ase m si/e, they may again tend 
to approach the surface. 

These vesicles are i\\Q Graafian^ follicles. Each Graafian follicle 
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has a proper wall of basemeut-membrane, strengthened by a layer 
derived from the stroma, and contains an ovum^ surrounded by a 
number of epithelium-cells. In the smallest follicles the ovum is 
small, and the epithelium of the follicle is formed of a single layer of 
cells, which are flattened against the ovum. In somewhat larger 
follicles the epithelium-cells are in two layers, and these are columnar 
in shape. In still larger ones, each of tliese two layers is formed of 
several strata of cells, and fluid has begun to collect between the 
layers at one part. Of the two layers, the one which lines the cavity 
of the follicle is termed the membrana granulosa, while the mass of 
cells which more immediately surrounds the ovum is known as the 
discus proVujerus, 

In the largest follicles the fluid has much increased in amount, so 
tliat the follicle has become gradually larger and more tense. Finally 
it reaches the surface of the ovary, and projects from that surface, 
where it eventually bursts, and the liquor folliculi, with its contained 
ovum, is set free. This event occurs at about the time of menstrua- 
tion.* 



ll<jr. 217. — Si MI'DIAGKAMMAIK ItEPltL'^KNl A I ION Ot A MAMMALIAN OVUM. 

(Highly magnified.) 

zp, zona pellucida ; rt, vitellus ; gv, germinal vehicle ; gt, germinal spot. 

The ova are large spheroidal cells (fig. 217). When mature, as in 
the largest Graafian follicles, 3ach ovum is surrounded by a thick 
transparent striated membrane (zona pellucida). Within this is the 
protoplasm of the cell (ritellut), filled with fatty and albuminous 
granules. Lying in the vitellus, generally eccentrically, is the large 
clear round nucleus (germi'nal vesicle), which contains an intranuclear 
network, and usually one well-marked nucleolus [germinal spot). Both 
the ova and the epithelium of the Graafian follicles are developed 

' Borne of the Graafian follicles do not burst, but, after attaining a certain 
stage of maturity, undergo a process of retrograde metamorphosis and eventually 
disappear. 
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originally from the germinal epithelium. In the embryo, this fonns 
a thick layer, covering the fi])rous and vascular stroma. After a time 
solid cords of epithelium-cells, which in some animals are partly 
tubular [ovarian tubes of Pfliiger), grow down into the stroma, whilst 
this at the same time grows into the epithelium. The cords presently 
become broken up by the ingrowths of stroma into small isolated nests 
of epithelium -cells, each of which may represent a Graafian follicle. 
To form the ova, some of the germinal epithelium-cells become en- 
larged, and usually there is one sucli enlarged cell in each of the 
isolated nests. The remaining cells form the epithelium of the follicle 
(see fig. 218). 



Fig. 218. — Section or iiin ovvuv of a nlwly boun ( iiild. (Highly maj^nified.) 

ovarian or germinal epitlRlium ; &, lormation of an ovarian tube ; r, c, primordial ova Ijing 
In the germ-ei)itbelium ; <i, </, longer tube becoming const iietod so as to form nests ol 
cells; f, e, larger nests; distiiutlj formed lollule ivitli ovum and epithelium; j/, g, 
lilood-vessels. 

The stroma of the ovary contains, besides the spindle-shaped con- 
nective-tissue cells and plain muscular fibres already mentioned, a 
number of epithelium-like interstitial cells, like those fomid in the 
intertubular tissue of the testis. They are most abundant near the 
hilus. Corpora hitea may also be seen in the stroma. These are 
large yellow nodules, which are developed out of the Graafian follicles 
after the ovum has become extruded. They consist of columns of 
large yellowish cells, with intervening vascular fibrous tissue, which 
converge to a central strand of connective tissue occupying the axis of 
the nodule. The columns of yellow cells are not unlike those of the 
cortex of the suprarenal capsule. The cells are derived from the 
membrana granulosa of the follicle, which becomes thickened and 
folded ; between the folds connective tissue and blood-vessels grow in 
towards the centre, and in this way the corpus luteum becomes 
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developed. After persisting for a time it gradually shrinks and disap- 
pears, but it becomes larger and remains longer persistent in the event 
of pregnancy supervening. 

The Fallopian tubes are chiefly composed of plain muscular tissue 
disposed circularly. They are lined by a miicous membrane which is 
covered with ciliated epithelium. Externally they are covered by a 
serous coat, within which is a thin layer of longitudinal muscular fibres 
overlying the circular fibres. 

The uterus is usually described as composed of two parts, the body 
and cervix. The wall of the uterus is formed of the following layers : 

1. A serous layer ^ derived from the peritoneum, which covers the 
greater part of the fundus. 

2. A muscula/r layevy which is of considerable thickness and is 
composed of plain muscular fibres disposed in two imperfectly separated 
strata. Of these the outer is much the thinner, and its fibres are dis- 
posed partly longitudinally, partly circularly. The inner muscular 
layer, on the other hand, is very thick ; its fibres run in different direc- 
tions, and it is prolonged internally into the deeper part of the mucous 
membrane, the extremities of the uterine glands extending between 
and amongst its fibres. It is imperfectly separated from the thinner 
external layer by the ramifications of the larger blood-vessels, and 
probably represents a much-hypertrophied muscularis mucosas. 

8. k mucous membrane, which is very thick ard is composed of soft 
connective tissue containing a large number of spindle-shaped cells. It 
contains long, simple, tubular glands (fig. 219), which take a curved or 
convoluted course in passing through the membrane. They are lined 
by ciliated epithelium continuous with that which covers the inner 
surface of the mucous membrane. In the cervix the mucous membrane 
is marked by longitudinal and oblique ridges, and the glands are shorter 
than those of the body of the uterus. Near the os uteri the epithelium 
becomes stratified and overlies vascular papillae of the corium. The 
mucous membrane is exceedingly vascular, and it also contains a large 
number of lymphatic vessels. 

At each menstrual period the greater part of the mucous membrane 
of the body undergoes a process of disintegration accompanied by an 
escape of blood from the capillaries of the membrane. This is suc- 
ceeded by a rapid renewal of the membrane. Should gestation super- 
vene, the process of renewal results in the formation of a greatly 
thickened mucous membrane, with long convoluted glands, which is 
then known as the decidua. 

The mammary glands are compound racemose glands which open 
by numerous ducts upon the apex of the nipple. The ducts are dilated 
into small reservoirs just before reaching the nipple. If traced back- 
wards, they are found as in other compound racemose glands to com- 
mence in groups of saccular alveoli. The walls of the ducts and alveoli 
are formed of a basement-membmne lined by a simple layer of flattened 
epithelium (fig. 220, A). But during lactation, when the gland is in 
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Fio. 219.— Section or 

THR MLCOIN MEM- 
BRANE (»P IHR I I’E- 
m S FROM NEAR 
THE JUNDUS 

o, cpitliohum of inner 
surface; b, f/, uterine 
gland's; c.interglnndular 
conuoftivc tissue ; d, 
iiui'-cul.ir tissue. 




184 


THE ESSENTIALS OP HISTOLOGY 


activity, the cells of the alveoli become much enlarged and of a columnar 
shape, and fatty globules become formed within them (B). These fatty 
globules appear to become set free by the breaking down of the inner part 
of the ceU, the protoplasm of the cells becoming partially dissolved and 


jf 



FfO, 220. — AlVKOLI tih' TlIK hlAMMARY GLANI> OP THE BnCH^tlNDKR mPPERENT 
rONl>lTIONS OP ACTIVITY. 

A, section through the middle of two alveoli at the commencement of lactation, the 
epitholium-cells being seen in prutile ; B, an alveolus in full sec «tory activity. 


forming tlie proteid substances of the milk. According to some authors, 
^/mph-corpuscles may also carry fat into the alveoli and there become 
disintegrated. At the commencement of lactation this disintegration 
is imperfect, so that numerous cells containing fat-particles appear in 
the secretion (colostrum corincschsX 
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LESSON XXXVI. 

STRUCTURE OF THE SPINAL CORD, 

1. Sections of the spinal cord from the cervical, dorsal, and Inmbar re^^ions. 

[The spinal cord is hardened by being immersed for about a month in 
bichromate of ammonia solution (2 per cent.) ; the sections are made with a 
freezing microtome and are stained with aniline blue black. 

Notice the relative extent of the grey as comiiared with the white matter 
in the differenli regions of the cord. In the white matter the stained dots 
are sections of the axis-cylinders of the longitudinally disi)osed modul’ated 
nerve-fibres ; the tissue between the ner\ e-libres is neuroglia. In tlie grey 
matter the branched nerve-cells are conspicuous, lying m a reticular sub- 
stance which is formed of neuroglia together witli an interlacement of ner\e- 
fibres and cell-processes. 

Sketch a section from each region xmder a low power. Sketch also a 
small portion of the white substance, two or three nerve^coUs, and the central 
canal with its lining epithelium and surrounding neuroglia under the high 
power. 

Measure the diameter of some of the nerve-fibres in the anterior columns, 
in the lateral columns, and in the posterior columns. 


The spinal cord is composed of grey matter in the centre and of 
wliite matter externally. It is closely invested by a layer of connective 
tissue containing numerous blood-vessels (pia mater), and less closely 
by two other membranes. One of these is an areolar membrane, re- 
sembling a serous membrane in general structure, but non-vascular and 
more delicate in texture {arachnoid). The other, which lines the 
vertebral canal, is a strong fibrous membrane known as the dura mater. 
At the middle of the anterior and posterior surfaces the pia mater dips 
into the substance of the cord in the anterior and posterior median fis- 
sures, so as to divide it almost completely into two lateral halves. These 
are, however, united by an isthmus or bridge, which is composed 
anteriorly of transversely crossing white fibres {white commissure), 
posteriorly of grey matter {grey commissure), in the middle of which is 
a minute canal lined by ciliated epithelium {central canal, fig. 221, e). 
Each lateral half of the spinal cord contains a crescent of grey 
matter, which is joined to the corresponding crescent of the opposite 
side by the grey commissure. Of the two cornua of the crescent the 


* See Appendix. 
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posterior is the narrower and comes near the surface of the cord ; 
opposite to it the bundles of the posterior nerve-rootH enter the cord. 
The bundles of the anterior nerve-roots enter the anterior cornu. 

The white matter of each half of the cord is subdivided by the 
passage of the nerve-roots into the cornua into three principal columns 
— anterior, lateral, and posterior. It is composed of longitudinally 
coursing medullated ner\’e-fibres, which in stained sections appear as 
clear circular areas with a stained dot, the axis-cylinder, near the 
middle (fig. 222). 


e j B' f 
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Fig. 221. — Seciion of hie spinal cokd in the lower dorsal region. (Cadiat.) 

A, B, c, anterior, lateral, and pobterior columns ; s, anterior and posUrior median Assures. 
ft, h, e, cells of antmor cornu ; d, (Kistenor oomu and substantu gelatnlo^a of Aolando ; 
e, central canal,/, veins, < 7 , anterior loot-liundles , h, posterior root-bundles; t, white 
commissure ; j, grey commissure ; I, reticular formation. 


The medullated fibres are supported by a peculiar reticular tissue 
(neuroglia) which contains a number of nuclei embedded in it and 
appears to be composed of branched fibrillated cells (neuroglia-cells). 
The neuroglia is accumulated in greater amount at the surface of the 
cord underneath the pia mater (fig. 222), and it extends into the grey 
matter, of which it may be said to form the basis, and in which it is 
especially accumulated at the apex of the posterior cornu and around 
the central canal (substantia gelatinosa of Rolando). 
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The grey matter, besides nenroglis, consists of ui interlacement of 
nerve-fibres and of the branching processes of the nerve-cells which are 
embedded in it. 



Fig, 222. — A hmati toriionop a rRANsvPitsE si< tion op ihp, hi man spinal cord 

IN IlIK JIPGION OI THE LAIKRAI ( OI LMN, TO SHOW IHE SI PFRl I( lAL NllROGIIA, 

a a, snpeifidal neuroplia , b b transverse section of part of tlie lateral column of the cord, m 
which the dark points are the axis>c\ linders, and the clear areas the medullar> substaiu e 
of the nerve-fibres The superficial ncurojrlii is seen to exhibit the appearance of i fine net- 
t\ork in t\hieh numerous nuclei and one or two cot pout tmylacea are embedded, and to 
extend Inwards among the nerve-fibres. 


Disposition of tlie nerve-fibres of the white columns in tracts . — 
The nerve-fibres vary in size in different parts of the white columns. 
They are smallest in the posterior columns, especially in that part 
of the posterior column which is next the posterior median fissure 
(posterior median column), and largest in the posterior part of the 
lateral column, but also of considerable size in the anterior column. 
This difference corresponds in some measure with tlie functions of the 
nerve-fibres in those parts respectively. Thus the posterior part of 
tlie lateral column which is characterised by the large size of its nerve- 
fibres constitutes the tract along which voluntary motor impressions 
pass down the spinal cord from the opposite side of the brain, after 
having crossed at the pyramids of the medulla oblongata (crossed 
pyramidal tract, fig. 228, c.p.t.). The large fibres which lie in the 
anterior colunms next to the anterior median fissure, and the upper 
part of the cord, belong to a portion of the same tract which has not 
undergone decussation (direct pyramidal tract, d.p.t.). The small 
fibres of the posterior median column belong to a tract which is only 
distinct above the middle of tlie dorsal region of the cord, and is known 
as the tract of Ooll (fig. 228, g). The rest of the posterior column is 
termed the cuneate fasciculus, and is chiefly composed of the fibres 
of the posterior nerve-roots which run for a short distance in it before 
entering the grey matter. In the lateral column there is another tract 
which is distinct in the cervical and dorsal regions. This lies external 
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to ibe crossed p 3 rramidal tract, and consists of large fibres which pass 
up into the cerebellum (direct cerebellar tract, c,t,). 



Ffo. — DiactRammatic hrc- 

TIONS OF 'fUK SPINAL <’OKT) AT 
mr FFRKNT 1»ARTS, TO SHOW UHK 
CHlEr UX’ALISED TRACTS OF 
ITBRKS IN THE ’WiUTE SVB- 

srANCK. (One and a half timea 
the natural 8i7e.) 

/. at tlie level of the «ilxth cervical 
iipive ; //. of the third dorsal ; ///. 
ol the Rixth dorsal; /K of the 
t^\eltth dor^l ; r. at the level of the 
fourth lumbar. d.p.f. direct or an- 
terior pymuiKlal tmcts ; c,p,/. crossed 
or lateral pj ramidul tracts ; c.r. direct 
cerebellar tract ; r/, tr» i ot floll. 


d.pj, 

/. 

r 

cp. 


The course of the nerve-tracts in the spinal cord, and in other parts 
of the central nervous system, can best be made out by the study of 
sections of the foetal cord, for it is found that the development of the 
medullary substance occurs sooner in some tracts than in others, so that 
it is easy to make out the distinction between them. Another method 
consists in investigating the course which is pursued by degenerations 
of the nerve-fibres in consequence of lesions produced accidentally or 
purposely. 

Disposition of the nerve^cells in the grey matter, — The nerve-cells 
which are scattered through the grey matter are in part disposed into 
definite groups. Thus there is a group of large multipolar nerve-cells 
in the anterior cornu ; their axis-cylinder processes pass out into the 
anterior nerve-roots (column of the anterior cornu, fig. 221, a, b, c). In 
the middle dorsal region there is a well-marked group of large rounded 
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iaerve-< 36 lls at the base of tbe posterior eomu {Clarke'^ column). 
Another group is seen on the outer side of the grey matter lying in a 
projection which is sometimes known as the lateral cornu {intermedio- 
lateral tract). This also is only distinct in the dorsal region. The 
cells of the posterior cornu are not collected into a special group. 

Course of tJic nerve-roots in the spinal cord, — The anterior roots 
enter the anterior cornu in a number of bundles (fig. 224, a, a). Some 
of their fibres (i, i) are directly connected with the nerve-cells there, 
others pass through the grey matter into the posterior cornu, others into 



Fio. 224 . — Diagham to ii.- 

LIISTUATK TIIK FRO BAULK 

cour.sk taken by the fi- 
bres OF THE NERVE- ROOT.S 
ON ENTERING THE SIT \ A 7. 

CORD, 

«, two bundle*? of the autorior 
root of a nerve; 1, 1, home of 
tlieir fibres jiassing into the 
lateral cells of the auterior 
cornu; 1', others passing 
into the mesial oolla of the 
Hame oornu ; 2, 2, fibres passing 
to the lateral column of the 
same side without joining 
nerve-cells ; 3, 3, fibres passing 
towards the iwstonor conm ; 

4, 4, fibres iwissing a<jroas 11 jc 
anterior commissure, to enter 
nerve-cells in the anterior cornu 
of the other side ; />, bundle 
of tlie posterior root ; f, fibres 
of its lateral or external division 
coming through and around 
the gelatinous substance of 
Ilolando ; st>iue of these, 5, are 
represented as becoming longi- 
tudinal in the latter; others, 

6, 6, as jiassing towards the 
anterior oornu, either directly 

or after joining cells in the iKisierior cornu, and others, 7, as curving inwards towards the grey 
commissure ; jp, m, fibres of the mesial or inner division, entering the pobterior coliuuu and then 
becoming lon^tudinal ; fibres from a posterior root wliich liad joined the cord lower down 

and entered the posterior column, now passing into the grey matter at the root of the posterior 
cornu. Of the.se, 8 is represented as entering Clarke’s column, 8, a^ curving around this and cours- 
ing to the anterior commissure, and 10 as passing towar«l.s the anterior cornu. The axis-cylinder 
processes of tlio cells of Clarke’.s column are t.howii arching round, and taking the direction of the 
lateral column, a.mA, anterior median fissure ,*/>.«./., i>osterior median fissure ; c.r., central canal; 
SM., substantia gelatiiiosa of liolan<lo. 


the lateral white colunm of the same side of the cord (2, 8), and others 
again pass across in the isthmus to tbe anterior cornu of the opposite 
side ( 4 ), 

The fibres of the posterior roots (fig. 224, p) chiefly pass into the 
posterior white columns, from which after a short course they enter 
the grey matter and are partly connected with its cells, and partly pass 
to the other side of the cord. Some of the fibres of the .posterior 
roots enter the posterior oornu directly, and are believed to be con- 
nected with the scattered cells of that cornu. 

The central canal of the spinal cord is lined by columnar ciliated 
epithelium-cells, which are surromided by a quantity of neuroglia. 


190 


THE BSBBNWALS OB HISTOLOGY 


The cells are best seen in the spinal cord of animals and in the child ; 
in the human adult they have frequently become proliferated, and their 
dlia are no longer visible. 

Charaoters of the spinal cord in the several regions (hg. 225). 
In the cervical region the white matter, especially that of the lateral 



Fk., 225 .— Thaxsvlrsl si( iioxs or iiii sptnal (okd at mnEiiKNi levels. 
(Twice the natural size.) 

The letters and numbers indicate the position of each section ; Ca. at level of cocci preal nerve ; 
h»c. 4 of 4th sacral ; LS of 8rd lumbar, and so on. The grey subatance is bliaded dark, and 
the nerve-cells within it are indloate<i by doth. 

columns, occurs in largest proportion. T]ic grey matter, especially in 
the cervical enlargement, is in considerable amount (C 5), and it en- 
croaches in the form of a network upon the adjacent part of the lateral 
white column. The anterior cornua are thick and the posterior slender. 
The posterior median column is distinctly marked off. 
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In the donal region the grey matter is small in amount, and both 
cornua are slender (D 5). The whole cord is smaller in diameter than 
either in the cervical or lumbar region. The column of nerve-cells 
known as Clarke's column, and the intermedio-lateral tract, are well 
marked. 

In the lumbar region the crescents of grey matter are very thick, 
and the white substance, especially the lateral columns, relatively small 
in amount (L 6). The isthmus lies nearly in the centre of the cord, 
whereas in the cervical and dorsal regions it is nearer the anterior 
surface. The posterior median columns are not seen. 

In the part of the spinal cord from which the sacral and coccygeal 
nerve-roots take origin the grey matter largely preponderates, the 
crescents forming thick irregular masses, and the grey isthmus being 
also of considerable thickness. 
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LESSON XXXVII. 

THE MEDULLA OBLONGATA, PONS, AND MESENCEPHALON 

1, Sections of the medulla oblouf^ata made, {a) at the level of the decussation 
of the pyramids, {!>) opposite the middle of the olivary body, and (<•) just 
above the olivary body. 

2. Section through the middle of the i)ons Varolii. 

3. Sections across the region of the corpora quadrigemina, one at the level 
of the inferior, the other at the level of the superior, pair. 

In all the aboA e sections sketch under a low power the general arrange- 
ment of the grey and white matter, inserting the positions of the chief groups 
of nerve-cells. 

[The tissue is hardened and the sections are prepared, stained, and 
mounted in the same way as the spinal cord.] 


The structure of the medulla oblongata can best be made out by 
the study of a series of sections taken from below upwards, and by 
tracing in these the changes which occur in the constituent parts of 
the spinal cord, taking note at the same time of any parts which may 
be superadded. 

A section through tlie region of the decussation of the pyramids 
(fig. 226 ) has much the same form as a section through the upper part 


Flo. 220.— Section of hip. iwk- 

DtLLA OBLONGATA AT THE 
MIDDLE OI* THE DFX’l h»»AllON 
OI HIE CTRAMIDS. 

J, anterior, f,p. posterior flbsure; 
ff .i>. pj rami<l ; a, reinaiiiR of iwurt of 
anterior (‘ornn, fwparated by tlie 
crossini? bundles from tbe rest of the 
ffiey matter; I, continuation of 
lateral column of cord ; /t, continua- 
tion of substantia Kolatinosa of Ro- 
lando ; /).c. continuation of posterior 
cornu of grey matter ; /.{/, fimiculus 
gracilis. 



of the spinal cord, and most of the structures of the cord can be easily 
recognised. A considerable alteration of the grey matter is, however, 
produced by the passage of the large bundles of the crossed pyramidal 
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tract {p) from the lateral column of the spinal cord on each side 
through the root of the anterior cornu and across the anterior median 
fissure to the opposite anterior column of the medulla, where, together 
with the fibres of the direct pyramidal tract, they constitute the promi- 
nent mass of white fibres which is ?een on the front of the medulla 
on each side of the middle line, and is known as the pyramid. By this 
passage of fibres through the grey matter the tip of the anterior 
cornu (a) is cut off from the rest and becomes pushed as it were to 
the side ; in sections a little higher up it appears as an isolated mass 
of grey matter which is known as the lateral nucleus (fig. 22, n,L) 

A change also occurs in the posterior cornu in consequence of the 
increased development of the posterior median and cuneate fasciculi. 
This causes the posterior cornu (fig, 226, p c) to be pushed towards the 
side, the V which they form with one another being thus opened out ; 
at the same time the tip of the cornu swells out and causes a prominence 
upon the surface of the medulla, which is known as the tubercle of Bolando 
(JJ). Grey matter also soon becomes formed within the upward pro- 
longations of the posterior median column and of the cuneate fasciculus 


Fig. 227. — Sec j ion or hie mldi i i a 

OBLOXOAIA IN 1 HE HKGION Oh 
IHK SUPEKIOIl PYKAMIOAI. I>ECUS- 
SATXON. 

anterior median fissure; 
superficial arciform fibres cmerfoiif? 
from the flhhure; /jy, pjramid; n.oi. 
nucleus of the arciform fibres; 
deep arciform fibres becommg super- 
ficial ; 0 , lovser end of olivar> nucleus ; 
0 *, acce‘''»ory ohvarj nucleus ; n.f. nu- 
cleus lateraliH ; /./•. formatio leticu- 
arcifoini fibies proceednij? 
Jrom formatio reticularis ; y, substantia 
f?elatinosa of Rolando; a.V. ascending 
root of fifth nerve ; «.r. nindeus cuiiea- 
tus ; n.&, external cuneate nucleus ; 
/.<•. funiculus cuneatus ; u.g. nucleus 
gracilis ; /. 9 . funiculus gracilis; p.m^. 
posterior median fissme; c.<?. central 
canal surrounded by grey matter, m 
which are, n.AV. nucleus of the spinal 
accessory, and n.XlL nucleus of the 
hypoglohsal; s.d. superioi pjramidal 
dcoubsatioiL. 



(fig, 227, n,g,^ w.c.), but most of the grey matter of the cornu becomes 
broken up, by the passage of bundles of nerve-fibres through it, into a 
reticularformation (/.r), the production of which is already foreshadowed 
in the upper part of the spinal cord. The central canal of the spinal cord 
is still seen in the lower part of the medulla oblongata (c. c), but it comeS 
nearer to the posterior median fissure. The grey matter which sur- 
rounds it contains two well-marked groups of nerve-cells ; the anterior 
of these is the nucleus of the hypoglossal or twelfth nerve (n. xri,), the 
posterior that of the spinal accessory or eleventh (n. x/,). Instead of the 
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oomparatively narrow isthmus which joins the two halves of the spinal 
cordt a broad raphe now makes its appearance ; this is form^ 
obliquely and antero-posteriorly coursing fibres, together with some 
grey matter containing nerve^cells. 

In a section at about the middle of an olivary body (fig, 228), it 
will be seen that a marked change has been produced in the form of 
the medulla and the arrangement of its grey matter, by the opening 
out of the central canal into the fourth ventricle. This causes the grey 
matter which below surrounded the central canal to be now spread 



Fig. 228.-~Seotion of the me- 

1>1’1XA OBLONGATA AT ABOUT 

THE MXOOLK OF THE OLIVAEY 

BODl. 

anterior median fissure; n.ar, 
nucleus arolformis ; pyramid; 
XIL bundle of hypoglossal nerre 
emerging from the surface ; at b it 
is seen courbing between the pj ra- 
niid and the olivary nucleus, o; 
j,a.e, external arciform fibres; nj, 
nucleus lateralis ; a, arciform fibres 
passing towards restifomi body 
partly through the substantia gcla- 
tinosa, gr, |)artly superficial to the 
ascending root of the fifth nerve, 
n.V.; JT, bundle of vagus root, 
emerging ;y,/. fomiatio reticularis ; 
<*./•. corpus restifonne, beginning to 
be form 1 clilefly by arciform fibres 
‘■nperfift II and deep ; n.c. nucleus 
ciineatus; n.g. nucleus gracilis: 
L attachment of the llgula; 
tuniculus solitarius; nX. n.X'» 
two parts of the vi^us nucleus; 
ii.XII. hypoglossal nucleus; n.L 
nucleus of the funiculus teres; 
II Jim. nucleus ambiguus ; r, raphe ; 
J, continuation of anterior column 
ol cord ; o\ o'', accessory olivary 
nuclei; olivary nucleus; p,o,l, pe- 
dunculub uhv.e. 


out at the floor of that ventricle, and the collections of nerve-cells from 
which the hypoglossal and spinal accessory nerves respectively arose 
now, therefore, lie in a corresponding situation. At this level, how- 
ever, the outer group which corresponds with the nucleus of the spinal 
accessory in the lower part of the meduUa has become the ntccleus of 
the vagus or tenth nerve. The nerve-bundles of the roots of these 
nerves can be seen in the sections coursing through the thickness of 
the medulla and emerging, those of the hypoglossal (x//.) just outside 
the pyramids, those of the spinal accessory and vagus (x.) at the side 
of the medulla. The two sets of emerging fibres thus appear to sub- 
divide each lateral half of the medulla into three areas— a posterior, a 
middle, and an anterior. Of these the posterior is chiefly occupied by 
the grey matter of the floor of the fourth ventricle, and. with fibi;es 
which are passing obliquely upwards and outwards towards the cere- 
bellum, forming its inferior crus (restifbrm body, c.r.) ; and in addition 
there is the continuation .upwards of the portions of grey matter forming 
the nuclei of the funiculus gracilis of the funiculus cuneatus 
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(n.c.), and of the tubercle of Bolando (^). The anterior or mesial area 
is occupied in front by the pyramid (p), and behind this by a reticular 
formation {reticularis alha^ A) composed of longitudinally coursing 
bundles of fibres interlaced with fibres that are passing obliquely firom 
the opposite side, through the raphe, towards the restiform body (fig. 
229, r.a.). The middle area, which lies between the issuing bundles 
of the two sets of nerve-roots, consists in its deeper part of a similar 



' V. xjr 


Fig. 229 .— Part of the reticular iormaiion or ihe mkduli a oblongata. 

r.a. reticularis alba ; reticularis grisea; bet^«eon them a root-bundle of the hypoglossus 
(Jf//.). The longitudinal fibres of the r^icul ur formation are cut across , the transversely 
coursing fibres are internal arcuate fibr^, pair’»ing on the right of the figure toi^ards the 
raphe* 

reticular formation (fig. 228, /r), but with more grey matter and 
nerve-cells (reticularis grisea^ fig. 229, r.g,) Superficially there is 
developed within it a peculiar wavy lamina of grey matter containing a 
large num1>er of small nerve-cells ; this is the nucleus of the olivary 
body (fig. 228, o). 

The^oor of the fourth ventricle is covered by a layer of ciliated 
epithelium-cells, continuous below with those hning the central canal, 
and above, through the Sylvian aqueduct, with the epithelium of the 
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third and lateral ventricles. The fourth ventricle is roofed over by a 
thin layer of pia mater, with projecting choroid plexuses, the under 
surface of which is covered by a thin epithelial layer continuous at the 
side with the ciliated epithelium of the floor. 

A section taken just above the level of the olivary prominence will 
still show very much the same form and structural arrangements as 
that just described. The nucleus of the hypoglossal (fig. 280, n, XIL) 
is still visible in the grey matter of the floor of the ventricle, but the 
nerve which is now seen arising from the outer part of that grey 
matter is the eighth ox auditory (FIJI.), the bundles of which, as they 
leave the medulla, enbrace the inferior crus of the cerebellum (c.r.), 
which is now passing into that organ. The reticular formation still 



I* 10.280. — TR\NS\S-RSf StdlOV of IHF IPPFU PART OF THE MEDULLA 
ORLONOAIA. f 

py, p 3 ntimd; o, olivary nuclens , r o. ascending root of the fifth nerve, VJII inferior (pos- 
terior) root of the auditory nerve, formed of two parts, a, (stria* acnstioce), and 6, whi< h 
enclose the restiform body, cr , n.Vjn,p principal nucleus of the auditory nerve, 
n,VIII(te accessory nucleus , ganglion-cells in the root , nucleus of the zoniculus 
teres ; n Jl//. nucleus of the hyiiogiossal , raphe. 


occupies the greater part of each lateral half of the medulla between 
the grey matter at the floor of the fourth ventricle and the pyramids 
( py), and a small portion of the olivary nucleus (o) may still be seen, 
as may also the upward continuation of the grey matter of the tubercle 
of Eolando; this is intimately oonneoted with some well-marked 
bundles of nerve-fibres, which are passing up to the pons to join even- 
tually the root of the fifth nerve ( Va), 

A section through the middle of the pons Varolii (fig. 281) shows 
very much the same arrangement of grey and white matter as that 
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vhioh is met with at the upper part of the medulla, but the general 
appearance of the section is much modified by the presence of a 
It^e number of transversely coursing bundles of nerve-fibres which 
are passing from one hemisphere of the cerebellum to the other. 
Intermingled with these bundles is a considerable amount of grey 
matter. The continuation upwards of the pyramids of the medulla 
{py) is embedded between these transverse bundles and separated 
by them from the reticular formation. The olivary nucleus is no 



Fio. 281. — Section ackohs the pons at about the mii>i>le oi the fourth 

VENTRICLE, ^ 

PVi pyramid'bandles continued up from the medulla ; jpo, transverse fibres of the pons passing 
from the middle crus of the cerebellum, before (po) and behmd the ohi<^ pyramid 
bundles ; deeper fibres of the same set^ constituting the trapezium ; the grey matter 
between the transverse fibres is not represented either in this or in the tao following 
figures ; r, raphe ; o.s, superior olivary nucleus ; a. V. bundles of the ascending root of 
the fifth nerve, enclosed by a prolongation of the grey substance of Rolando ; V/. the sixth 
nerve ; n.r/. its nucleus ; V/L the facial nerve : VJIa. intermediate portion of the same 
nerve ; nJVll. its iincleus ; YllL anterior (supenor) root of the auditory nerve ; n.VllL 
part of Ito outer or anterior (suiienor) nucleus ; r, section of a vein. 


longer seen, but there are one or two small collections of grey matter 
which lie in the antero-lateral part of the reticular formation and are 
known as the superior oUvary nucleus (o.s.) The nerves which take 
origin from the grey matter of this region are part of the eighth, the 
seventh, the sixth, and somewhat higher up the fifth cranial nerves 
(see figs. 281, 282). Of these the eighth and fifth take originfrom groups 
of nerve-cells which occupy the grey matter opposite the external border 
of the floor of the ventricle ; the sixth from a group which is placed also 




Fio. 28 S,— ‘Trausverse section thhough the upper part of the pons. 
(Itather more than twice the nstiiral size.)^ 

ttBxusrwne fibres of the pons ; pv^ bandies of the pyramids ; a, boundary line between 
the tegmental part of the pona apd its ventral part ; obUqoe fibres of the fillet, passing 
toward h P, longitndinal fibres of the fillet i /.r. fmrmatio reticularis ; pj, poStmdor 
longttadiniil bundle ; anporior cerebellar pedunole ; e.m. superior medullary velum ; 
b, grey matter of the lingula ; e. 4, fourth veatoicle ; in the grey matter which bounds it 
laterally are seen, d.r. the descending root of the fifth nerye, with its nucleus, anh- 
stantia fermginea, group of cells continuous with the nncleus of the aqueduct. 


f ^e details of this and of several of the mreceding figures ate filled in underh eofnetr^ 
higher magnifying power than that used for traomg the outlines. 
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in the grey matter of the floor of the ventricle but nearer the middle line, 
and the seventh from a nucleus which lies in the formatio reticularis, 
and fipom which the fibres of the nerve pass backwards to the floor of the 
ventricle, then longitudinally upwards for a short distance, finally 
bending forwards and downwards and emerging between the transverse 
fibres at the sides of the pons. 

At the tipper part of the pons (fig. 288) the fourth ventricle narrows 
considerably towards the Sylvian aqueduct, and behind and on either 



Ftg, 234. — Sk< iioNs THitoroii thi. oitioiv of hie lomm nekvi . ; 

A, transverse section at the place of emergence of the nei ve-fibreR. B, oblique section 
carried along the courae of the bundlea from the nucleus of ongrin to the place of eniei- 
genoe. A<u Bjlvian aqueduct, vith its surrounding giej matter; IV the nerve-bundles 
emerging, /F. decussation of the nerves of the two sides; /t". a round bundle passing 
dounuards by the side of the aqueduct to emerge a little lo’wor domi , n / K nuoleus of 
the fourth nerve, f, fillet; tf.jt/., superior cerebellar peduncle, d. K descending root of 
the fifth nerve; posteiioi longitudmal bundle ; f, raphe. 


side of it two considerable masses of longitudmal white fibres make their 
appearance. These are the superior crura of the cerebelluvi (s.c.^.), 
and they tend as tliey pass upwards gradually to approach the middle 
line (fig. 284 A), across which in the region of the posterior pair of the 
corpora quadrigemina they pass, decussating with one another, to the 
formatio reticularis of the opposite side (fig. 285, A). 



Fig. 235.— OuTLiNK of iwo sections across ihe mesencephalon. (Natural size.) 

A, through the middle of the Inferior corpora quadrigemina. B, through the middle of the 
superior corpora quadrigemina. cr\ crusta ; <.n. substantia nigra ; /, tegmentum ; 
Sylvian aqueduct, with its surrounding grey matter ; c,g. grey matter of the corpora qua- 
drigemUia ; 7.g. lateral groove ; pj, posterior longitudinal bundle ; d.V. descending rwt of 
the fifth nerve ; s.e.p, superior cerebellar peduncle ; /, fillet; its nucleus ; ///. third 
nerve. The dotted cirole in B indicates the situation of the tegmental nucleus. 

In sections across the meseneephalon (fig. 286), the upward con' 
tinuity of the parts which have thus been described in the lower parts 
of the nerve-centres, can still in great measure be traced. 
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The Sylvian aqnedtict («)* with its lining of ciliated epithelium, re- 
presents the central canal of the cord and the fourth ventricle of the 
medulla. In the grey matter which surrounds it {central grey matter) 
there is seen in all sections of the region a group of large nerve-cells 
lying anteriorly on each side of the middle line, close to the reticular 
formation. Prom tliis group the root-bundles of the fourth nerve arise 
at the lower part of the mesencephalon and pass obliquely backwards 
and downwards around the central grey matter, decussating with those 
of the opposite side to emerge just above the pons Varolii (fig, 284), 
Higher up the bundles of the third nerve sprmgfrom the continuation of 
the same nucleus (%. 285, n, ///.), and these pass forwards and down- 
wards with a curved course through the reticular formation, to emerge 
at the mesial side of the crusta. 

The reticular formation of the pons is continued up into the mes- 
encephalon, and is here known as the tegmentum. It is composed as 
before of longitudinal and transverse bundles of fibres with much grey 
matter intermingled. The transverse fibres include the decussating 
fibres of the superior crura of the cerebellum [s,c.p,), and the fibres of 
the fillet (/), which are passing in an oblique manner from the raphe 
to the side of the mesencephalon, to reach eventually the grey matter 
of the prominences of the corpora quadrigemina. The pyramid bundles 
of the pons are continued upwards on each side in b the crusta (cr.). 
This forms a mass of longitudinally coursing bundles of fibres lying on 
the ventral aspect of each half of the mesencephalon, and diverging 
above into the internal capsule of the cerebral hemisphere. The crusta 
is separated from the tegmentum by a layer of grey matter containing 
a number of \ery deeply pigmented nerve-cells which give it the name 
otsubstantta nigra (s,n,) The crusta and tegmentum, together with 
the intervening substantia nigra, constitute the cims cerebri. 

The prominences of the corpora quadrigemina aie formed mainly 
of grey matter containing numerous small nerve-cells. From each 
a bundle of white fibres (brachium) passes upwards and forwards 
towards the geniculate bodies, eventually joining the optic tract of 
the same side. On the other hand, each of the prominences receives 
from below fibres of the fillet, which are themselves traceable into the 
posterior part of the lateral column of the medulla oblongata. 



301 


LESSON XXXVIII. 

fSTRUCTUBE OF THE CEBEBELLVM AED CEfiEDm^M. 

1. Sections of the cerebellum across the direction of the laminae and vertical 
to the surface. 

2. Section across the whole of one hemisphere of the cerebrum of a 
monkey or man, passing through the middle of the third ventricle. 

8. Vertical sections of the cerebral cortex, one from the ascending frontal 
gyrus, another from the occipital lobe, and a third across the hippocampal 
gyrus and hippocampus. 

4. Transverse sections of the olfactory tract and bulb. 

In all these preparations make sketches under a low power of the general 
arrangement of the grey and white matter, and also of the nerve-cells in 
the grey matter. Sketch some of the details under a high pow er. 


The cerebellum is composed of a white centre, and of a grey cortex, 
both extending into all the folds or lamhife, so that when the laminae 
are cut across, an appearance is presented of a white arborescence 



Fl(.. 236. — SEiTfON IIIROlK.n ONI< <>^ niF IIIVIIS)*!!! Ill > OF IHK ( r 

ro SHOW THK MFIULLAUY IIMKF \M> IPs PROLONOA1 lONs INTO THE 
LAM ELL L, 


covered superficially by grey matter. The white matter is in largest 
amount in the middle of eacli cerebellar hemisphere (fig. 286). There 
is here present also a peculiar wavy lamina of grey matter, similar to 
that in the olivary body, and known as the nucUm dentatiis (n.d.). 
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Oth^ isolated grey auolei lie in the white matter of the middle 
lobe. 

The grey xnatter of the cerebellum consists of two layers (fig. 287). 
The inner one (that next the white centre) is composed of a large 
number of veiy small nerve-cells [granule layer, d). The ouler layer 



Fig* 287. — Skciiok of conifcx o* < eki*- 

BELLUM, 

a, pia mater ; h, eictemal la>er ; e, layer of eor- 

C le« of Fnrklnje; d, inner oi granule 
r ; e, medullary centre. 



Fig. 238.--PEocrs8Es of thf a>RPUs- 

<.LE8 OF PuKKINJJfc, CONNKOTFD BY 
IIIEIK IINKB BRAN(HKS WllH OOR- 
PUSCLES OF THE OUTER EATER OF 
'IIIF (FRFBELLAR CORTEX. (Highly 
magnified.) 

a, a, processes of the corpuscles of Purkinje ; 
a branch from one of them, ^vhioh is con- 
nected Mlth two of the corpuscles of the 
outer la>eT ; c, c. scattered branched cor- 
puscles of this la} cr. 


(b) is thicker, and is formed of neuroglia, with rounded and angular 
nerve-cells and neuroglia-cells scattered through it. Into its 
outer part processes of the pia mater conveying blood-vessels pass 
wtHsally, and there are also in this part a number of long taper- 
ing cells, smnewhat like the Hiillerian fibres of the retina. lying 
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between the two layers of the 
grey matter is an incomplete 
stratum of large fiask>sbaped 
cells (cells of Purkinje, c). 
Each of these gives off from its 
base a fine process, which be- 
comes the axis-cylinder of one 
of the medullated fibres of the 
white centre, while from the 
opposite pole of the cell large 
ramified processes spread out 
into the superficial layer of 
the grey matter, and some of 
these processes become con- 
nected with its small nerve- 
cells (fig. 288). 

Structure of the cerebrum. 
The grey matter of the ce- 
rebral cortex is described as 
being composed of a number 
of layers, but they are not 
sharply marked oft from one 
another. The following are 
usually distinguished (fig. 
289). 

1. Most externally a thin 
stratum containing a few scat- 
tered cells, probably neuro- 
glia-cells. In the most super- 
ficial part of this layer imme- 
diately under the pia mater, 
is a very thin stratum of 
medullated nerve-fibres. 

2. A layer of closely set 
small pyramidal ner\ e-cells 
several deep. This layer is 
also thin. 

8. A thick layer contain- 
ing larger and longer pyra- 
midal cells less closely set. 
These cells are largest in the 
deepest part of the layer ; and 
in the region of the motor 
centres of the brain some of 
them are of very large size, 
and are collected into smaU 
groups. 
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4* A layer of numerous small irregular angular cells, 
fi, A rather thicker layer of small scattered cells, many of a fusi- 
form shape. This layer lies next to the white centre. In the island 
of Beil this stratum is considerably developed, and is somewhat sepa- 



Fio. 240.— Sbchon across the hippocampus major, demaip ii^surf, dkrtatb 

IA8C1A AN1> UMBRIA. 


Oht part of tbe gyros hippooampi or uncinate oonrolntion ; Fd, faecia (ientaia, or dentate 
eonrolotion ; between them is the dentate fis«iare , Ft, composed of longitudinal 

fibres here cot acroes , 1, 2, medullary centre of the hippocampal gyrus prolonged around 
the hippocampus, if, as the Bo<^lled alyens, into the fimbria ; 8, layer of large pyramidal 
cells ; 4, their proceeses (stratum radiatum) , 5, reticular neuroglia (stratum laomiosum) ; 
6, superfloial medullary lamina, Involuted around the dentate fissure ; « termination of 
this lanuna, the fibres here running longitudinally , 7, superficial neuroglia of the fascia 
deutata; *, ring of small cells viithia this (stratnm granulosum) 


rated from tiie rest of the grey matter by a layer of white aabstauce. 
It is known as the chmUim. 

From the white centre bundles of mednllated nerve-fibres pass in 
vertical streaks through the deeper layers of tlie grey matter, to lose 
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themselves amongst the pyramidal cells of the more superficial layers, 
with processes from which they are probably continuous. 

In the hippocampal region a remarkable difference of structure 
manifests itself (fig. 240). The superficial layer of neuroglia and the 
white stratum, which overlies it as a thin band in other parts of the 
cortex, are in this region both very strongly marked (6, 6), the neuroglia 
layer having a very distinctly reticular aspect, and being in part beset 
with small cells. All the rest of the thickness of the grey matter 
appears to be mainly composed of, or at least to contain, long conical 
cells (8, 4), the distal processes or apices of which are prolonged into 
fibres which lose themselves in the superficial layer of neuroglia. The 
pyramidal cells rest upon the white centre, here known as the alveus ( i), 
which is the part of the hippocampus seen within the ventricle, and 
which is prolonged externally into the fimbria (Fi), where its fibres be- 
come longitudinal in direction. 

In the dentate gyrus (fascia dentata, fig. 240, Fd) the pyramidal 
cells are arranged in an irregularly radiating manner, occupying the 
centre of the convolution, and surrounded by a ring of closely packed 
small cells (*), external to these being the relatively thick layer of 
superficial neuroglia (7). 

The olfactory tract is an outgrowth of the brain which was ori- 
ginally hollow, and remains so in many animals; but in man the 
cavity has become obliterated, and the centre is occupied by neuroglia, 
containing, however, no iiorvc-cells (fig. 211). Outside the central 



Fi(.. 241.— u’koss iHi olivciory iK\(r. 


neuroglia lies the Avhite or medullary substance, consisting of bundles 
of longitudinal white fibres. ]Most externally is a thin superficial 
layer of neuroglia. 

The olfitotory bulb (fig. 242) has a more complicated structure. 
Dorsally there is a flattened ring of longitudinal white bundles enclosing 
neuroglia (i, 2, a), as in the olfactory tract, but below this ring a 
number of layers are superadded as follows : 

1, A granule layer (fig. 242, 4), characterised by the presence of a 
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numb^ of ami^ nerve^oells with reticulating bundles of medul^ 
lated nerve fibres running between them. 

2. An intermediate nerve-cell layer (e) consisting of neuroglia, in 
which small pyramidal nerve-oells are embedded. This layer is also 
traversed by medullated nerve-fibres, and is partly separated from the 
granule layer by irregular clefts (s). 

8 . The layer of olfactory glomeruli ( 7 ) consists of rounded nests of 
small ganglion-cells, which appear to give origin to the olfactory nerve- 
fibres. These pass between the glomeruli to enter the close plexus of 
non-medullated nerve-fibres which lies directly over the cribriform plate. 

4. This is the layer of olfactory neive-fibres (s), and from it 
branches (♦) pass directly downwards to the nasal foss®. 





I'll., 242 .— Sfction across a part or ihi olfaciory bulb. 

3, bmidles of rery fine traneyeo^l} cut nerye^fibreft, forming the flattened medullary ring, 
enclohing the central neuroglia, 2 , 4, granule-layer, 6, ]oo»p tissue with irregular spaces 
<Vl 3 mph*tic), 6, intermediate layer, 7, layer of olfactory glomeruli, t, tt, layer of 
olfactory nerre-flbree. 


Sasal ganglia.— Besides the grey matter of the cerebral cortex the 
cerebral hemispheres conceal in their deeper parts certain other masses 
erf gr^ substance (fig. 248). The principal of these are the corpus 
striatum {nucleus caudatus, c, and nucleus lmticular%s, sir) and optic 
thalmnus {th). Between them run the bundles of white fibres which sxe 
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passing upwards from the crus cerebri, forming a white lamina termed 
the internal capsule. Above the level of these nuclei the internal 
capsule expands into the medullary centre of the hemisphere (see also 
figs. 244 and 245, with their description). 



1*10. 243.— l KOM VI SKllON iIiKOU( H HII hi VIN AM) SKI I L M VDI WHIISl 

ruo/iv. i 

ec corpus callofitum , below its luiddle part the septum Ituidura iui below tlut aprim the 
fornix, / 1 Inter ilventn le (h thalamus betweiutlw two thilimi the third ventricle 
Is seen lu low the thalamus ih tlu subthalaniK proloiifruti in of the te^fiutntil rt/ioii and 
liclow tins the prolonprntion of the crusta , «/) h ntitular nuf Itus of the corpu» stmtuni , 
c caudate nuelius ol the same , between c fh and iff the internal capsule is seen outside 
Kf is the thin jrrej bond of the elau^truni and outsi h this aj?ain the island of lleil ..t the 
bottom of the Ivian fissure ti a nuc leus am^ ird ilse imiiic di itel\ w ithm this is the optic 
tract feeen m section, p pituitarjy bod^ , B bodj of the sphenoid bone , subaraolinoid 
Bpacc , 1 , > illi of the ir w hiioid 


The nucleus caudatus of the corpus striatum is composed of a 
reddish-grey neuroglia containing both moderately large and small multi- 
polar nerve-cells. It receives fibres fiom the part of the internal 
capsule which separates it from the nucleus lenticularis, and next the 
lateral ventncle it is covei ed by a thm layei of neuioglia, and over 
tins by the epithelium of the cavity. 

The nucleus lenticularis, which corresponds in position mtemaUy 
with the island of Reil externally, is divided by two white lamin® into 
three zones. It is separated from the nucleus caudatus and optic thala- 
mus by the internal capsule (figs. 244, 245, tc), which consists of the 
bundles of medullary fibres which are passing between the white centre 
of the hemisphere and the crus cerebri ; it receives on its inner side 
many white fibres from the capsule, and these impart to it a radially 
striated aspect. Many of the nerve-cells of the nucleus lenticulans 
contain yellow pigment. 
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Fio, 244 . — Section across the optic thalamus and corpus striatum in the 

REGION OF THE MIDDLE COMMISSURE. (Natural sizC.) 

thf thalamus ; a, ^ its anterior, external, and internal nuclei respeotively ; tr, its external 
white layer ; m. e. middle commissure ; r. 3, third yentriole ; a small part is also seen below 
the middle oomnnssnre ; r. c, corpus callo«?iiin ; /, fornix, separated from the third Tentrl- 
cle and thalamus by the yeliim interpositum. In the middle of this are seen the two yeius 
of Galen and the choroid plexuses ot the third ventricle ; and at its edges the choroid 
plexuses of the lateral ventricles, r. 1. ; t.s. tsenia semjcirculans ; cr, forward prolongation 
of the orusta passing laterally into the internal capsnle, i. c. ; s.t.?, subthahumo prolonga- 
tion of the tegmentum, consisting of (1) the dorml layer, (2) the zona Inoerta, and (3) the 
corpns subthalamicnm ; n. snbstanua nigra ; n. c nucleus oaudatus of the corpus stria- 
tum ; n. 1. nucleus lenticulans ; e, c. extemid capsule ; cL claustrum /, island of Beil ; 

A, hippocampus ; d, fascia dentata. 



Fig. 245. — Horizontal 
SECTION THROUGH THE 
MIDDLE OF THE BIGHT 
CEREBRAL HEMISPHERE. 

(Natural aize.) 

vJ. lateral ventricle, anterior 
cornu; r. c. corpus callo- 
sum ; s. h septum luoidum ; 
a./, anterior pillars of the 
fonitx ; e. 8, third ven- 
tricle; thj thalamus opti- 
ons; t.t, stria terminalis; 
n. e. nucleus caudatus, and 
n, I, nucleus lenticulam of 
the corpus striatum ; f, e. 
Internal capsule; c, its 
angle or genu; n. c. t^ of 
the nucleus caudatus ap- 
pearing in the descending 
cornu of the lateral ven- 
tricle; cA claustrum; A 
island of Beil. 


traa pineal and prrtnxABV bodies 


m 

The optic thalmtu, which lies at the side of the third ventricle 
and forms part of the floor of the lateral ventricle, is covered externally 
by a.layer of white fibres, most marked next to the internal capsule, 
fibres from which pass into the thalamus and serve to connect it with 
the hemisphere. 

The grey matter of the thalamus (fig. 244) is partially subdivided 
by an oblique white lamina into a smaller, inner ft), and a larger, 
outer, nucleus (e ) ; these contain a number of small scattered nerve- 
cells. Anteriorly another portion of grey matter (a) is divided off in a 
similar way ; this contains comparatively largo nerve-cells. 

Attached to the optic thalamus below and externally are the two 
geniculate bodies which are connected with the optic tract. Tlie outer 
geniculate body has a lamellated structure consisting of alternating 
layers of grey and white matter. 

The tegmentum of the crus cei'ebri is prolonged below tho thala- 
mus opticus into a mass of grey substance, with longitudinally and 
obliquely crossing wliite bundles, which is known under the name of 
subthalamic region. In it at least three parts differing from one 
another in structure may be distinguished (see fig. 244, i, 2 , 3 ). 

The pineal gland, which is developed in the roof of the third 
ventricle, is composed of a number of tubes and saccules lined and 
Sometimes almost filled with epithelium, and containing deposits of 
eartliy salts [hrain sand). These may, however, occur in other parts 



1Fig. 246.— Section of the uppeb pakt of thk brain and meninges to show the 
RELATIONS OP THE ARACHNOIDAL VILLL (Magnified.) 

CA corpUB callosum ; /, falx cerebri t t,(t, subaracbnoid space, perraded by a network of 
fine trabeoul«; from it the funj^orm villi are seen projecting into the dura matei. 
Some are projecting into the supenor longitudinal sinus, s, , 

of tlie brain as well. The follicles are separated from one another by 
vai§eular connective tissue derived from the pia mater. 

The pituitary body is a small reddish mass which lies in idie sella 
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Fig. 244. — Section across the optic thalamus and corpus striatum in the 

REGION OP THE MIDDLE COMMISSURE. (Natural SizC.) 

fhy tbalamus ; a, t» its anterior, external, and internal nuclei respeotirely ; tr, its external 
white layer ; m, e, middle commissure ; v. 3, third ventricle ; a small part is also seen below 
the middle commissure , r c, corpus oallo«um , /, fomix, separated from the third ventri- 
cle and thalamus by the velum interpofdtum In the middle of this are seen the two veins 
of Galen and the choroid plexuses of the tliird ventricle , and at its edges the choroid 
plexuses of the lateral ventricles, t s ta?iiia semicircularis ; cr, forward prolongation 
of the crusta pasamg laterally into the internal capsule, i c \ subthalamic prolonga- 

tion oi the tegmentum, oons^ing of (1 ) the dorsal layer, (2) the zona incerta, and (8) the 
corpus snbthalamicnm ; *. n substantia mgra , n c nu( leus caudatus d the corpus stria- 
tum , n. I. nucleus lenticulans , e. c, external capsule , cL claustrum island of Beil , 

A, hippocampus ; d, fascia dentata. 


F iG. 245. — Horizontal 

SECTION THROUGH THE 
MIDDLE OF THE BIGHT 
CEREBRAL HEMISPHERE. 
(Natural size.) 

vJ lateral ventricle, anterior 
cornu ; c, c, corpus callo- 
sum ; 1 . 1. septum luoidum ; 
a./, anterior pillars of the 
fornix , t>. 3, third ven- 
tricle, /A, thalamus opti- 
cus; stria terminalis; 
n, c, nucleus caudatus, and 
n. 1. nucleus leatioula^ of 
the ooipus striatum ; f. e. 
internal capsule; its 
fmgle or genu; n. e. tail of 
the nucleus caudatus ap- 
pearing in the descending 
cornu of the lateral ven- 
triole; cL claustrum; /, 
island of Beil. 
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^0 Oglie tbalftiims, which lies n/t the ride of the third Ventricle 
and £6me pext the door of the lateral Tentricle, is covered externally 
by a.Iayer of white fibres, most marhed next to the mtemal eapsnle^ 
fibres which pass into the thalamus and serve to connect it with 
the hemisphere. 

The grey matter of the thalamus (fig. 244) is partially subdivided ^ 
by an oblique white lamina into a smaller, inner (t), and a larger, 
outer^ nucleus (e) ; these contain a number of small scattered nerve- 
cells. Anteriorly another portion of grey matter (u) is divided off in a 
similar way ; this contains comparatively large nerve-cells. 

Attached to the optic thalamus below and externally are the two 
geniculate bodies which are connected with the optic tract. The outer 
geniculate body has a lamellated structure consisting of alternating 
layers of grey and white matter. 

The tegmentum of the crus cerebri is prolonged below the thala- 
mus opticus into a mass of grey substance, with longitudinally and 
obliquely crossing white bundles, which is known under the name of 
subthalamic region. In it at least three parts differing from one 
another in structure may be distinguished (see fig. 244, i, 2, 3). 

The pineal gland, which is developed in the roof of the third 
ventricle, is composed of a number of tubes and saccules lined and 
sometimes almost filled with epithelium, and containing deposits of 
earthy salts {brain sand). These may, however, occur in other parts 



3Fig. 246. — Section of the upper part of the brain and meninges to show the 
RELATIONS OF THE ARACHNOIDAL VILLL (Magnified.) 

c,c, eorpas eallosum; /, felx cerebri: sul»racbnoid space, perraded by a network of 

fine trabectilfe ; from It the ftmgj^rtn vilU are seen proioctlng into the dura matci , 
acme are prolecting Into the superior longitudinal sinus, a, 

of the brain as well. The follicles are separated from one another by 
vascular connective tissue derived from the pia mater. 

The pituitary body is a small reddish mass which lies in the sella 

V / 
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inteica, and is connected with the third ventricle by the infondibnlnm* 
It consists of two lobes, a larger anterior, and a smaller posterior* 
The antenoT lobe is originally developed as a hollow protrusion of the 
buccal epithelium* It consists of a number of tubules, which are lined 
by epithelium, and united by connective tissue. In some of the tubes 
the epithelium is ciliated, and sometimes a colloid substance like that 
occurring in the vesicles of the th 3 rroid has been found in them. 

The posterior lobe of the pituitary body, although developed from 
the floor of the third ventncle, contains scarcely any perceptible 
nervous elements in the* adult. It consists chiefly of vascular con- 
nective tissue. 

The membranes of the brain are similar in general structure to those 
of the spinal cord, p. 186. The dura mater is, however, more closely 
adherent to the under surface of the bony cavity than is the case in 
the vertebral canal. The arachnoid is in many places close to the 
dura mater, and separated by a wide subarachnoid space, which is 
bridged across by finely reticulating bands of areolar tissue (subarach- 
noid trabeculfiB, fig. 246, s.a.) from the pia mater. In the vicinity of 
the longitudinal sinus, small rounded elevations (arachnoidal villi, 
Pacchionian glands) project into the dura mater, and even become em- 
bedded m the skull itself. 
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LESSON XXXIX. AND XL. 

STRUCT UBB OF THE EYELIDS AND OF THE PARTS OF 
THE EYEBALL. 

LESSON XXXIX. 

1. Sections of the eyelid vertical to its surfaces and transverse to its long 
axis. The lid should be hardened in alcohol, and the sections may be stained 
with hfematoxylin and mounted in the usual manner. 

Notice the long sacculated Meibomian glands lying in dense coimective 
tissue close to the conjunctival surface, and their ducts opening at the 
margin of the lid. External to these the small fibres of the orbicularis pal- 
pebrarum cut across ; a few of the fibres of the muscle lie on the conjunctival 
side of the duct. A short distance from the Meibomian gland may be 
observed another tolerably large sebaceous gland ; outside this again are the 
eyelashes. In the skin covering the outer surface of the eyelid a few small 
hairs may be seen. At the attached part of the eyelid are some bimdles of 
involuntary muscular fibres cut longitudinally in the section, and in the upper 
eyelid the fibrous attachment of the elevator muscle may be observed attached 
to the dense connective tissue. 

Make a general sketch under a low power. 

2. Sections through the posterior part of an eyeball that has been liardened 
in Muller’s fluid. The sections are stained and mounted in the usual way. 
These sections will show the relative thickness of the several coats and the 
layers of which each coat is formed. Sections which pass through the point 
of entrance of the optic nerve will also exhibit the manner in which the 
nerve-fibres pierce the several coats to reach the inner surface of the retina. 
The modifications which are found in the neighbourhood of the yellow spot 
may also be made out if the sections have been taken from the human eye. 

8. Sections of the anterior half of an eyeball which has been hardened in 
MUUer’s fluid. These sections should pass through the middle of the cornea. 
The lens may be left in situ^ but this renders the preparation of the sections 
and the mounting of them much more difi&cult. 

In these sections make a general sketch under a low power, showing the 
relations of the several parts one with another ; and study carefully, and sketch 
in detail, the lasers of the cornea, the place of jimction of the cornea and 
sclerotic, the cihary muscle, the muscular tissue of the iris, the mode of sus- 
pension of the lens, and the pars ciliaris retina?. 

4. Mount in glycerine thin tangential sections of a cornea stained with 
chloji^e of gold by Cohnheim’s method. Sketch three or four of the con- 
nective-tissue cells (corneal corpuscles). The arrangement and distribution 
of nerve-fibres and their termination amongst the epithelium-cells as 
shown in chloride of gold preparations have been already studied (Lesson 
XIX.) 
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Mount in Canada baloam sectione of a cornea which has been stained 
with nitrate of silver. NoMoe the branched cell-spaces corresponding with 
the connective-tissue cells of the last preparation. 

[This preparation is best made b^ ruobing the surface of the cornea with 
lunar caustic after scraping off the epithelium. Alter ten or fifteen minutes 
(by which time the nitrate of silver will have penetrated the thickness of <he 
cornea) the eye is washed with distilled water, placed in spirit, and exposed 
to the lighi When brown and sufficiently hardened, tangential sections may 
be made with a razor.] 


• LESSON XL. 

1, Bemove the sclerotic from the anterior part of an eye which has been 
preserved in Miiller’s fluid, and tear off thin shreds from the surface of the 
choroid, including amongst them portions of the ciliary muscle. Stain the 
shreds with logwood and mount them in Farrant’s solution. Sketch the 
branched pigment-cells, the elastic network, the mode of attachment of the 
fibres of the cihsury muscle, &o. 

2. Injected preparation of choroid and ins. Mount in Canada balsam por- 
tions of the choroid coat and iris from an eye, the blood-vessels of which have 
been filled with coloured injection. Make sketches showing the arrangement 
of the capillaries and veins. 

8. Teased preparation of retina. Break up with n edles in a drop of 
glycerine a imnute fragment of retina which has been placed m 1 per cent, 
osmic acid solution for a few hours, and has subsequ^tly been kept m dilute 
glycerine. Complete the separation of the retinal elements by tapping the 
cover-glass. Draw carefiiUy imder a high power some of the isolated 
elements — the rods and cones with their attached fibres and nuclei, the 
inner granules, the ganghon-cells, the fibres of Miillor, hexagonal pigment- 
cells, In some of the fragments the arrangement of the elements in the 
retinal layers may be made out even better than m actual sections. 

^ Measure the length and diameter of some of the cones, the length of the 
co^®*f^re8, and the diameter of some of the outer and inner nuclei. 

4. Teased preparation of lens. Separate in water the fibres of a crysi/k«il\ine 
lens which has been macerated for some days in weak bichromate of potash 
solution. Sketch some of the fibres, together and separate. 


The eyelids (fig. 247) are covered externally by the skin, and in- 
temaily or posteriorly by a mucous membrane, the conjtmctiva, which 
is reflected from them over the globe of the eye. They are composed 
in the main of connective tissue, which is dense and fibrous imder the 
conjunctiva, where it forms what is known as the tarsus. 

Embedded in the tarsus is a row of long sebaceous glands (the Mei- 
bomian glands,/), the duets of which open at the edge of the eyelid. 
The rest of the thickness of the eyelid is composed of a somewhat 
loose coimective tissue, and contains the bund^ of the orbiouiariit 
muscle ib). In the upper eyelid tlie Itrvatot palpebra is inserted into 
the tarsus by a fibrous expansion, and some bundles of involantAiy 
muscle are also present near the attachment of the eyelid. The 
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lihe usual structure ; it contains small sweat-glands and the fol- 
licles of small hairs, and, in addition, at the edge of the eyelid, the 
large hair-follicles from which the eyelashes grow. The epithelium of 
the corgunotiva palpebras is columnar, passing at the edge of the lid 
into the stratified epithelium of the skin ; it also becomes stratified in 



Fig. 247 .— Vehttcal skcmon thuough t«e vrpER kyeud. 
(Magnified.) 

a, Otin i hi orbicularis ; h\ ciliary bundle ; c, inroluutary muscle of eyelid ; d, conjuuotiYa ; 
tarsus ; /, Keibomian gland ; g, sebaceous gland near eyelashes, with modified sweat* 
gland opening with itj A, eyelashes; i, small liairs in outer skin; sweat-glands; 
it posterior tarsal glands. 


the part which is reflected over the globe of the eye. The nerves o: 
the conjunctiva terminate for most part in end-bulbs, which it 
% spheroidal, and formed 'chiefly of a small mass of polyhedra! 

V cdSSy in the calf and most animals they are elliptical and comne 
laf a core and Iteiellated sheath (see Tiessnn “XTXA 


81 * 


m mmmkm m Hismociir 


*l!he ladbzyoni f laisd may be briefly mentioned in oonneefion with 
the eydid. It is a oomponnd laoemose gland, yielding a watery secare^ 
tion, and resembling in straeture die serous salivary glands, soeh aa 
&e parotid. 



FlO. 248.— V ERTICAL SECTION OP HUMAN CORNEA PROM NBAA THE MARGIN* 

(Magnified.) 

1, ; % anterior homogeneous lamina ; 3, substantia propria oomem ; 4^ posterior 

homogeneous (elastic) lamina ; 5, epithelium of the anteHor oU^ber ; a, obliaue fibres 
in the anterior layer of the substantia propria ; h, lamelijs» the fibres of whh^ are out ^ 
aerosS) produoing a dotted appearance ; e, corneal oorpuscles appea^g fusiform in seeUon ; 
d, bundles of fibres out longitudinally ; e, transition to the sclerotic, Mth more (Usttnot 
fQt>rlllBtion, and surmounted by a thicker epithelium ; /, small blood-yessels out aoress 
near the nutfgin of the cornea. 

Tbs sderptio coat is oon^sed of dense fibrous tissoe, the bundles 
f^fWhioh are intimatdy interlaced. It is thiehest at the baohnf ths. 
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^yebalL It is covered externally ^th a lymphatic epithelium, while 
internally it is lined by a layer of csonnective tissue containing pig- 
ment-cells, which give it a brown appearance (lamiria fusca). At the 
entrance of the optic nerve the scleiotic is prolonged into the sheath 
of that nerve, the bundles of which, piercing the coat, give a sieve -like 
aspect to the part {lamina cribrosa, fig. 257, L). 

V The cornea (fig. 248) consists of the following layers enumerated 
jfrom before back : 

1. A stratified epithelium continuous wjth the epithelium of the 
conjunctiva (i). 

2. A thin lamina of homogeneous connective tissue [membrane of 
Bowman) j upon which the deepest cells of the epithelium rest ( 2 ). 

8. A thick layer of fibrous connective tissue which forms the 
proper substance of tlie cornea (s). This is continuous laterally with the 
tissue of the sclerotic. It is composed of bundles of white fibres 
arranged in regular laminae, the direction of the fibres crossing one 
another at right angles in the alternate laminae. Between the laminfB 
lie flattened connective-tissue corpuscles, which are branched and 
united by their processes into a continuous network ; there is of course 
a corresponding network of cell-spaces (fig. 249, A, B). In vertical 
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Fid. 249.— 'A, Corpuscles op thl RAT’b cobnfa. (From a preparation treated 
with chloride of gold.) b. OELL-slPAt lh or tup raiN corHf\, (From a 
preparation stained with nitrate of silver.) 


sections the cells appear narrow and spindle-shaped (fig. 248, c). In 
the superficial laminie there are a few bundles of fibres which nm 
obliquely towards the surface (a). 

4. A homogeneous elastic layer {membrane of Descemat) (fig. 248, 4 ). 
This completely covers the back of the cornea, but at the angle which 
the cornea forms with the iris it breaks up into separate fibres, which 
are continued into the iris as the Ugamentnm pectinatum, or pillars of 
the iris« 
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6, A of pavei»ettt-e|utheHtimcoverii^ the posterior surfifcce oft 

ibe elastic lamina, and lining the firont oi the anterior chamber of the 
eye (fig. 848, $). At the si^ it is contmned over tho ligamentum 
peotinatnm into a similar epithelinm, covering the anterior surface 
of the iris (fig. 858, AT). 

The nerves of ihe cornea pass in from the peripheiy, losing their 
medullary sheath as they enter the comeal substance. They form 
a primaiy plexus in the substantia propria, a secondary or sub-epit- 
helial plexus immediat 6 l 3 |^ under the epithelium which covers the 
anterior surface, and a terminal plexus of fine fibrils which pass from 
the sub-epithelial plexus in pencil-like tufts and become lost between 
the epithelium-cells (see figs. 105, 106, Lesson XIX.) There are no 
blood-vessels or lymphatics in the cornea, although they come close 
up to its margin. 

The choroid or vascular coat of the e^e is of a black colour in many 
animals, but m the human eye is dark brown. It is composed of connec- 
tive tissue, the cells of which are large and filled with pigment (fig. 251), 
and it contains in its inner part a close network of blood-vessels, and 
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— SitnoN Oh CHOROID. (Cadtat.) 


« mettibrtne of Untoh the cTiorio-oapillarls is jnst above it» ft, vascular layer, c, vessels 
ulth blood-corpuscles , <f, lamina supra^horoidea. 


in its anterior part the involuntary muscular fibres of the ciliary 
muscle, which pass backwards from their origin at the junction of the 
cornea and sclerotic, to be inserted into the choroid. The choroid is 
separable into the following layers, enumerated from without in 
(fig. 250): 

1, The lamina mprachoroidea (fig. 250, d). This is a thin mem- 
brane composed of homogeneous connective tissue pervaded by a net- 
work of fine elastic fibres, and containing many large branched 
pigment-cells and lymph-corpuscles (fig. 251). It is covered supers 
ficially by a delicate lymphatic epithelium, and is separated from the 
lamina fosca by a cleft-like lymphatic space which is bridged across 
here and there by the passage of vessels and nerves, and by bands d 
ccmneetive tissue. 

2. The vascular layer of the choroid (fig. 260, 6), vrhich : 


ffrmCTvm op the cuoboid coat 
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Tig. 231.— a small i*oiuion of iiik i vmina SLrR\< horoioka. (Highly magnified.) 

p, pigment-cell 8 , /, elastic fibres , n, nnolei of epithelioid cells (the outlines of the 
tells are not indicated), I, Ijmph cells 



Fl«. 232.— I^JBJCnKi) BlAK>I>-VEbd&LS OP IHE CHOROID COAT, 

I, one 0 * the larger yeius . 1, small anastomosing Yessels ; S, branches 
dividing into the bmallebt vessels. 
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th« (mpraohoroidea m i^racture, but eontaiuit tbe blood-veisaels of tbo 
ooai In itB outer part are the larger vessels (arteries and veins), tbo 
vehna^ having a peculiar vortieose amngement ; in its umer part 
(elu>rio-ea|dlliu:is) are the capillaries, which form an extremely close 
network with elongated meshes, tbe capillaries Tadiating from the 



. 25$.— SKCTIOX (pROV THF rye Of a mar, AGFD 80), SHOWIVG IKK 
BELATIONg THE OORNFA, 8< LKROTIO, AND IRIS, TOOJTHER WITH THE 
CIITARY MISCLE, AND THF ( AVERNOVB SFA( FS NEAR THE ANGLE OI* IHE 
ANTFRIOR CHAMBER. (Magnified.) 

A, eplthe ium . b, oonjoncUval mucous membrane . r, sclerotic , n, memlxrana snimachoroidea ; 
it opposite tbe ciliary muscle , t, choroid, Kith ciliary processes , a, tapetnm nigrum and 
pars oiUaris retime, h, cornea (substantia propria). uris. x, radiating and meridional, 
and h, circular or annular bundles of the dlia^ muscle . x bundles passing to the 
solerotie, x, ligamentum peetmatnm irldb at the angle, o. of the anterior emmber; 

F, line of attachment of the iris 1. anterior homogeneous lamina of tbe oomea . 2, posterior 
homogeneous lamina, covered with epithelial c^lls which are contlnned over the front of 
the iris , 8. caTemons spaces at the angle of the anterior chamber (spaces of Fontana) ; 

4 , canal of Schlemm, with epithelial lining, and with a vessel, A, leading from it; g, other 
teasels ; f, bundles of fibres of the sclerotic having a drenlar direction, out across ; 

8, larger ones In the substance of the sclerotic , 9, fine bundles ent across, at limit of 
oomea . JO, point of origin of meridional bundles of ciliary nmscle , 11, b^oodpteasals in 
sdemtio and conjunctita, out across , 12, seotion of one of the cUmry art^es 

extramities of the bbuU arteries and veins in a highl;^ oharaoieristio 
manner (fig. 252). In tibe ciliary processes the vessels have fm tim 
most part a longitudinal direction, jtot there are numerous oonvolntefi 
hWB8ver8elydiispoBedcapillaiiesnnitingthelongitndinaivesiel8(fig.S56). 



Btuvanvm <w vm mm m 

9. Jiniixg the inner sur&ce of the choroid is e v&ty thin trans* 
parent memteane hnown as the membrane of Brueh (fig. 260, a)* 

The dlia/ry muecle of Bowman consists of involuntary muscular 
bundles which arise at the comeo-sclcrotic junction, and pass meri- 
dionally backwards to be inserted into the choroid (fig. 263, k). Many 
of the deeper-seated bundles take an oblique direction, and these pass 
gradually into others which run circularly around the circumference 
of the iris, and on a level with the ciliary processes. This set of 
cinmlarly anranged bu^ constitutes ihe circuit cUtary mvscle of 
H, Muller (l) ; it is most marked in hypermetropic eyes. 

The iris is that part of the vascular coat of &e eye which extends 
in front of the lens. It is continuous with the choroid and has a 



Fig. 254. — Seh^mfnt oi? inf iris, hi-fn Iirom the pos- 

1 PRIOR SORPACR AFTER REMOVAI. OP THF I VI VI 
PIGMFNl. 

a, sphinotor muscle , 5, dilatator muscle of the pupil. 


Fig. 256.-~ Vessels op thp onoRoin, ciliary processks, 
AKi> 1RI8 OF A <iiiLP. (10 diameters.) 

a, capillary network of tbe posterior part of the choroid, ending 
at hf the ora serrata , c, arteries of the corona ciliaria, supplying 
the ciliary processes, d, and pa«(sing into the ms, e , /, the oa> 
pillary network close to the pupilloiy margin of the ins 



similar structure, but its pigment-cells often contain coloured pigment. 
Besides the homogeneous connective tissue, with numerous elastic fibres 
and blood-vessels of which it is chiefly composed, it contains two sets 
of plain muscular fibres. The one set forms the sphincter muscle (fig. 
246, a), which encircles the pupil, the other set consists of a flattened 
layer of radiating fibres which extend from the attachment of the iris 
nearly to the pupil, lying close to the posterior surface and constituting 
the dilatator muscle (6). 

The back of the iris is covered by a thick layer of pigmented 
epithelium (uvea) continuous with the epithelium of the pars oiliaris 
retince. 

The blood-vessels of the iris converge towards the pupil (fig. 266, e). 


m 
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pupil tbd fimall arteries form a small anastomotic circle, fhm 
mUitiix capillaries arise and pass still nearer the pupil, arptmd which 
they form a close capillary network. 

A large number of nerve-fibres are distributed to the choroid and 
iris, prol^My going chiefly to the musculEur tissue (ciliary muscle wad 
sphincter and dilatator iridis). 

The retina consists of the eight layers shown in the accompanying 
flmire fflfir. 256 h numbered as ihev occur from witliin out. 


Otttet or ohorofeal fituHEace. 



8. Layer of 


7. La} er of rods and cones 
. . Membrana limitans extems 


6 Outer nuclear la\ er. 


6 Outer molet Alar layer. 


4 Inner nuclear la} er. 


8 Inner molecular la}en 


3. Laver of nerve-cells. 

I La}er of nerve-fibres. 

. Merabrana Hmitans interna 


Inuir surface 

Fig. 256 .— PlACiU\MMATU smiox oi* thf human behna. 


Tbe inner Boi&oe of the retina., which is smooth, rests upon the 
hyloid membrane of the vitreous humour. It is formed of the united 
bvaes of the fibres of MuUer, which wiil be afterwards described. 

The layer of nerve-fibres is fonned by the expansion of the 
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nem alter it has passed through the coats of the eye (hg. 257 ). 
At its entrance it forms a slight eminence {coUusulm nervi optid). 
The nerve-fibres lose their medullary sheath on reaching the retina. 
The layer becomes gradually thinner in the anterior part of the retina. 



Fi«, 267. — bEtniON imrouoit rui' coats of ini' iiirail ai thk poixt of 

ENTRANCE OF THE OPTIC SFRM . (Toldt ) 

Ve, dural sheath ; Fm, arachnoidal sheath, aud Ti pia mitri,! sheath of the optic nerye, with 
lymphatic spaces bet^veen them ; 0, 0, funiculi of the neive , 6, lamina cnbro^a , A, central 
artei 7 , &, sclerotic ; Ch choroid , R, retina. Tlie small letters refer to the various parts of 
the retina, b being the layer of rods and cones, aud t that of ncrvc-dbres. 


The layer of nerve-cells ^ or ganglionic layer, is composed of large 
nerve-cells somewhat like the cells of Piirkinje of the cerebellum, and 
having on the one side a fine axis-cylmder process prolonged into a 
nerve-fibre, and on the other a thick branching process, the ramifica- 
tions of which become lost in the next layer. 

The inner molecular layer is comparatively thick, and has an 
appearance very like the neuroglia of the grey matter of the nerve- 
centres. A few nuclei are scattered tlirough it, and it is traversed by 
the processes of the nerve-cells and of the inner granules, as well as by 
the fibres of Muller. 

The inner nuclear layer is mainly composed of bipolar cells con- 
taining large nuclei {inner granules). The processes of these cells 
extend on the one hand inwards through the inner molecular layer, 
probably to join with nerve-fibres or with the processes of the gan- 
glion-cells, whilst the other process is directed outwards, and is con- 
nected with the extremity of a rod or cone fibre. Besides these bipolar 
cells, there are other inner granules which are different m character, 
being devoid of processes and resting on, or even embedded in, the 
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umot molecular laj^er, with the formation of which they are probably 
connected* Others, which are larger and more rounded, are applied 
to the outer molecular layer. The fibres of Muller have nucleated 
enlargements in the inner nuclear layer. 

The outer mohctdar layer is thin, and is composed of flattened and 
branched cells, the ramified cell-processes being united into a close 
network (fig. 258), 



Fig. 26S,— Bkaxohed cells with rnr itnitino fkltworf of fibres from the 
OUIER MOLECULAR LAYER OF THE HORSE*S ItElINA. 


As far as the outer molecular layer the retina may be said to con- 
sist of nervous elements, but beyond this layer it is formed of modified 
epithehum-cells. 

The outer nuclear layer and the la/yer of rods and cones are com- 
posed of elements which are continuous through the two layers, and 
they should properly, therefore, be described as one. It maybe termed 
the neural or sensory epithelium of the reUna (fig. 260, 6 and 7). The 
elements of which the neural epithelium consists are elongated, nucle- 
ated cells of two kinds. The most numerous, which we may term the 
rod-elements, consist of peculiar rod-like structures (rods proper) set 
closely side by side, and each of which is prolonged internally into a fine 
varicose fibre (rod-fibre) which swells out at one part of its course into 
a nucleated enlargement. The rod proper consists of two segments, an 
outer cylindrical and transversely striated segment, which during life 
has a purplish-red colour, and an inner slightly bulged segment, which 
in part of its length is longitudinally striated. The nucleus of the 
rod-element often has, in the fresh condition, a transversely shaded 
aspect (fig. 259), The cone-elements are formed of a conical taper- 
ing external part, the cone proper, which is directly prolonged into 
a nucleated enlargement, from the farther side of which the cone- 
fibre, considerably thicker than the rod-fibres, passes inwards, to ter- 
minate by an expanded base at the outer molecular layer. The cone 
proper, like the rod, is formed of two segments, the outer of which, 
much the smaller, is transversely striated, the inner, bulged segment 
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being longitadiBaU;^ etriated. The izmer ends of the rod- and oone^ 
fibres are behoved to be ooimeeted with processes from the iimer 
granules, and through these with the nerve-cells and nerve-fibres, Jn 
birds, reptiles, and amphibia, a small oil-globule, often brightly 
coloured red, yellow, or green, is found in the inner segment of each 
cone, and other variations of structure are met with in ammals. The 
cones are most numerous at the back of the retma , they are fewer in 
number, and the lods are proportionally more numerous, towards the 


anterior part. 






iiG 260 — oi> Jiti 
III MAN KFiiNA magnified ) 

a, colls seen from the outrr surface with clear 
lines of intercellular sul>>taace betw een & two 
cells seen in profile with fine offsets extending 
inward** t a cell still in count ction with the 
outer ends of the rods 


Ft(t. 261r— A iiBUF oj- Mliifr fkomiui 
HUM \N RKTINA, iBOl tTFD. 

bt base of the fibre Its nucleus we/ mem 
brana llmltans externa , c ml external mo 
leoular layer. 



The pigmentary layer is the most external part of the retma. It is 
formed of hexagonal epithelium>cells (fig. 260 ), wluch are smooth exter* 
nally where they rest against the choroid, but are prolonged intItmaUy 
intofinefilamenls which extend between the rods. Thepigment-grannles, 
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many of which are in the form of minute crystals, lie in the inner 
part of the cell, and after prolonged exposure to the light they are 
found extending along the cell-processes between the rods (5, c), their 
function being probably connected with the restoration of the purple 
colouring matter which has been bleached by the light. 

Fibres of MilLler , — The fibres of Muller (fig. 261) are long stiff fibres 
which pass through several of the retinal layers. Commencing at the 
inner surface of the retina by expanded bases which unite with one 
another to form the so-called internal limitiijg membrane (fig. 856), the 
fibres pass through all the layers in succession, until they reach the 
outer nuclear layer. Here they branch and expand into a sort of reti- 
cular tissue which serves to support the fibres and nuclei of the rod- and 
cone-elements. At the bases of the rods and cones, this sustentacular 
tissue ceases, being here bounded by a distinct margin which has been 
called the external limiting membrane (m» e. Z.), but delicate sheaths 
have been described passing from it round the bases of the rods and 
cones. Each Mulleiian fibre, as it passes through the inner nuclear 
layer, has a nucleated enlargement (?i), indicating tiie original cell 
nature of the fibre. 

There are two parts of the retina which call for special description. 

Tlie viacula lutea (yellow spot, fig. 268), with its central foveay lies 
in the visual axis, and is the part of the retina which is most immedi- 



FlO. 262.— VhRTK AL SI (TION THROI THE MACl LA LUTKA AM) KWEA ( EMUALIS ; 

1>IA(,UAMA!A11<. 

1, nerve-layer ; 2, {jfanglionio la>er ; 3, inner molecular ; 4, inner nuclear ; and 5 , outer molwu- 
lar lasers ; 8, outer nuclear lajei, the inner part with only eone-flbros forming the so-callea 
external fibious layer ; 7, cones and rods. 


ately concerned in direct vision. It is characterised first by its greater 
thickness (except -at the fovea), secondly by the large number of 
ganglion-cells, which are all distinctly bipolar (2), and thirdly by the 
large number of cones it contains as compared with the rods. In the 

Q 
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central fovea itself there are no rods, and the cones are very long and 
slender ; moreover, all the other layers become gradually thinned 
down almost to complete disappearance, so that the middle of the central 
fovea is the thinnest part of the retina. Since there are few rods, the 
outer nuclear layer (6) loses in great measure its appearance of being 
composed of closely packed nuclei, and the cone-fibres are very distinct. 
The direction of all the fibres is very oblique in this part of the retina. 

The pars ciliaris retina which commences at the oraserrata, where 
the retina proper abruptly ends, is composed of two epithelial layers 
(fig, 268), and has no nervous structures. Of the two layers, the 


Fk.. 2f>3. — A SMAT.L rt>RTl<»N OI 
Tllh (ILJAKY I'AUr «>I IIIK III - 
ii\ V. (350 diameti^rs.) 

1, pigmcnt-oolls ; eo unmar cells. 



external is a thick stratum of pigmented epithelium formed of rounded 
cells and continuous with the pigmentary layer of the retina on the 
one hand, and with the uvea of the iris on the other the inner is a layer 
of columnar cells each containing an oval nucleus. 

The retina contains but few blood-vessels. The artery enters and 
the vein leaves it in the middle of the optic nerve. The larger vessels 
ramify in the nerve-fibre layer, and there are capillary networks in 
this layer and in the inner nuclear layer. There are peri-vascular 
lymphatic spaces around the veins and capillaries. The neural epithe- 
lium receives no blood-vessels, but is nourished from the vessels of the 
choroid. 

Structure of the lens. The lens is a .laminated fibrous body en- 
closed by a transparent elastic capsule into which, around the circum- 



Fl(.. 264 .— Skition tiihougii the makgiv of tiik rabbit’s lens, siiowinc the 

TRANSITION Ol THE EPITHELIUM INTO TUK LENS-FIBRES, 

ference, the fibres of the suspensory ligament are inserted. Immedi- 
ately within the capsule, in front and at the sides, there is a layer of 
cubical epithelium termed the epithelium of the capsule, but at the 
margin of the lens the cells become longer and pass by a gradual 
transition into the lens-fibres (fig. 264). The fibres which compose the 
lens are long and riband-shaped, with finely serrated edges (fig. 266, ; 
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in transverse section they appear prismatic (B), Many of the superficial 
fibres are nucleated (c), the lens-fibres having originally been developed 
by the elongation of epithelium-cells. 



Ft<.. 206. — liHuiHo* Tin (inbiALLiM lkns. (350 diameters.) 

A, longitudinal view of tlie fibres of the lens from the ox, sUovung the serrated edges. B, 
transverse section of the fibres of the lens from the human eye C, longitudinal view of 
a few of tho fibres from the equatorial region of the human lens. Most of the filires m. 

C aio seen edgeways, and, towards ] present tht swelling*' and nut lei of the ‘nuclear 
aone ; * at 2, the flattened bides of two fibres are seen. 

The vitreous humour is composed of soft gelatinous tissue, appa- 
rently structureless when examined in the fresh condition, but contain- 
ing a few scattered amoeboid cells, the processes of which are often long 
and varicose, and the cell-bodies distended by large vacuoles. The 
hyaloid membramy which invests the vitreous humour, is homogeneous 
and structureless except in the region of the ciliary processes, where it is 
fibrous in structure, forming the zonule of Zinn and spreading out into 
the suspensory ligament of the lens. 

Q 2 
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, LESSON XLL 

STRUCTVEE OF THE OLFACTORY MUCOUS MEMBRANE 
AND OF THE EXTERNAL AND MIDDLE EAR. 

1. Vertical sections of the olfactory mucous membrane. The sections may 
be carried either across the middle turbinate bone, after decalcihcation in 
0*2 per cent, chromic acid, or across the upper part of the nasal septum. 
Make a sketch imdor the low power. Notice the diiference in the chaaraoter 
of the epithelium m the olfactory and respiratory parts of the membrane. 

2. Teased preparation of the epithelium of the olfactory mucous mem- 
brane. A piece of the membrane is placed quite fresh in osmic acid (1 per 
cent.) for a few hours, and is then macerated for two days or more in water. 
Tho epithelium is broken up in dilute glycerine ; the »/ells easily separate 
from one another on tapping the cover-glass. Notice the two kinds of cells. 
Sketch some of tho cells under a high power, 

3. Sections of the external ear (these have been already studied for the 
cartilage, Lesson XII.) 

4. Sections across the cartilaginous i)art of the Eustachian tube. Sketch 
under the low power. 

5. Preparation of the membrana tympani. A piece of the membrane, 
stained with hscmatoxylin. and mounted flat in Canada balsam. 

Determine the composition of the membrane — i.c. the several layers com- 
posing it— by focussing carefully with the high power. 


STRUCTURE OF THE OLFACTORY MUCOUS MEMBRANE. 

The olfitetory region of the nasal fossae includes the upper and 
middle turbinate processes and the upper third of the septum. It is 
covered by a soft vascular mucous membrane of a yellow colour in man. 

The epithelium oi the olfactory mucous membrane (figs. 266,267) is 
very thick and is composed of long tapering cells, set closely side by 
side and bounded superficially by a cuticular lamina, through which the 
free ends of the cells project. The cells are of two kinds : 1. Long 
narrow spindle-shaped or bipolar cells consisting of a larger part or 
body (6), containing the nucleus, and of two processes or poles, one (o) 
straight and cylindrical and extending to the free surface, the other {d) 
very delicate and varicose, looking not unlike a nerve-fibril and extending 
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down to the cerium. The position of the nuclear enlargement varies, 
and with it the relative length of the two processes. The distal or free 
process terminates in a small clear projection, which passes beyond the 
cuticular membrane ; in amphibia, reptiles, and birds, and perhaps in some 



FlO. 266.— CcLLs AN1> TERMINATE NKRVF-l-TRREs OF IHL OIX \<TORY Rl^OION. 

(Ilighlj' magnified.) 

1, from the frog ; 2, from man ; a, epithelial cell, extomliiig deepl.v into a ramified proeess : 
h, oltoctory cells ; c, their peripheral rodn ; r, their extremities, heen in 1 to be prolonged 
into fine liairs ; d, their central filanientb, 

mammals, it bears fine stiff hairlike filaments (d). The proximal or vari- 
cose process becomes lost amongst the plexus of olfactory nerve-fibrils at 
the base of the epithelium, and is believed to be connected with a fibril. 
These cells have accordingly been termed olfactory cells, 2. Long colum- 
nar epithelium cells (a), with comparatively broad cylindrical nucleated 
cell-bodies placed next the free surface, and long, forked, and branching 
tail-like processes extending down to the corium. These are usually 
regarded not as sensory epithelium-cells, but merely as serving to support 
the proper olfactory cells ; but, according to Exner, they are also con- 
nected with the olfactory fibres, and there is no sharp distinction 
between them and the bipolar cells. 3. Tapering cells are present, at 
least in some animals, in the deeper part of the epithelium. They rest 
by their bases upon the corium, and project between the other cells, 
which they assist to support. 

The corium of the olfactory mucous membrane is also very thick 
(fig. 267). It contains numerous blood-vessels, bundles of the olfactory 
nerve-fibres (which are non-medullated), and a large number of serous 
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glands knoMm as Bowman's glands (&), which open upon the surface 
by fine ducts passing between the epithelium-cells. 



Fi<r. 2G7. — Suiiov or olfaittory ml cor h mfmbranf. (Cadiat.) 
a epithelium , &, glands of Bor^man , c, neryc>hun( es 


STRUCTURE OF THE AUDITORY ORGAN. 

The external ear proper {pimia) is composed of elastic fibro-carti- 
lage, invested by a thm, closely adherent skin. The skin is covered by 
small hairs, and connected *with these are the usual sebaceous follicles. 
In some parts — e.g. the lobule — there is a considerable amount of 
adipose tissue ; and voluntary muscular fibres are in places attached to 
the cartilage and may be seen in sections of the ear. 

The external auditory meatus is a canal formed partly of cartilage 
continuous with that of the pinna, partly of bone. It is lined by a 
prolongation of the skin and is closed by the membrana tympani, over 
which the skin is prolonged as a very thin layer. Near the orifice the 
skin has hairs and sebaceous glands, and the meatus is also provided 
throughout the cartilaginous part with small convoluted tubular glands 
of a brownish-yellow colour, which yield a waxy secretion (ceruminous 
glands)* They appear to represent modified sweat-glands. 

The tympanum is lined by a mucous membrane which is continuous 
through the Eustachian tube with the mucous membrane of the 
pharynx ; it is also prolonged into the mastoid cells. The epithelium 
is columnar and ciliated in some parts, but in others— e.g. roof, promon- 
tory, ossicles, and membrana tympani — it is a pavement-epithelium. 

The membrana tympani is a thin membrane formed of fibrous 
bundles which radiate from the umbo. Within the radial fibres are a 
few annular bundles. Covering the fibrous membrane externally is a thin 
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layer oOBtinuous with the skin of the meatus ; eoveriiig it internally is 
another thin layer, derived from the mucous membrane of the tympanic 
cavity. Blood-vessels and lymphatics are distributed to the membrane 
chiefly in the cutaneous and mucous layers. 

The Eustachian tube is the canal leading from the tympanum to 
the pharynx. It is formed of bone near the tympanum, but below, 



Fig. 268. — Section aceoss the cartilaginous part of the Eustachian tube. 

1, 2, bent cartll^nous plate ; 3, mnso. dilatator tubie ; to the left of 4, part of the attachment 
of the levator palati muscle ; 6, tissue uniting the tube to the ba«c of the skull ; 6 and 7, 
mucous glands ; 8, 10, fat ; 9 to 11, lumen of the tube ; 12, connective tissue on the lateral 
aspect of the tube. 


near the pharynx, it is bounded partly by a bent piece of cartilage 
(fig. 268, 1, 2), partly by fibrous tissue. The latter contains numerous 
mucous glands (6, 7), which open into the tube, and on the outer side 
a band of muscular tissue (s) which joins the tensor palati. The epithe- 
lium is ciliated. 
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LESSON XLIL 

8TBUCTU%E OF THE LABYRINTH. 

1. Sections across one of the membranous semicircular canals of a fislj 
(skate). 

2. Longitudinal sections throiigh the ampulla of a semicircular canal 
(skate). 

8. Vertical sections through the middle of the cochlea of a mammal. 

The cochlea is put quite fresh into 0*2 per cent, chromic acid containing 
a few drops of 1 per cent, osmic acid. When decalcified, it is well washed, 
and then placed in spirit for a day or more. 

In preparing sections of the above tln*ee jireparatioi ? it is advisable, in 
order that the epithelium should be kept in jiosition, to mount them by tht 
creosote-shellac process. They may previously be stained in bulk either b,> 
alcoholic magenta or borax -carmine. 


4. Teased preparations of the auditory epithelium of an ampulla or of thf 
macula of the utricle, from the fish. 


5. Teased preparations of tlie epithelium of the organ of Corti from the 
guinea-pig. 

Both 4 and 5 are made from osmic preparations. 

Make sketches from all tliose prenarations unchu* tlie liicrh power. 


The labyrinth, which is tlie essential part of the auditory organ, 
consists of a complex membranous tube lined by epitheUum and filled 
with endolymph, contained witliin a bony tube — the osseous labyrinth 
— of corresponding complexity of shape (figs. 209, 270). The mem- 
branous labyrinth does not wholly fill the bony cavity ; the rest of the 
space is occupied by perilymph. The membranous labyrinth (fig. 269) 
is composed of the utricle {u), and the three semicircular canals , each 
with an enlargement or ampulla which opens into it, the saccule (s) 
and the canal of the cochlea {c. c.) 

The branches of the auditory nerve pass to certain parts only of 
the membranous labyrinth, viz. : the inacul® of the utricle and 
siccule ; the cristae of the ampulla, and along the whole length of the 
canal of the cochlea (the shaded parts in fig. 209 K 
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At these places the lining epithelium is specially modified to form 
a sensory or nerve-epithelium; elsewhere it is a simple pavement- 
epithelium. 



Fm. 2()9. — Plan ok the eioiit mem- 

nUANOLS LALYUINTI! VIEWKI> FltOVt 
THE MESIAL ASI'ErT. ^ 

w, ntricle, \sith mariila and the three 
Bomlclrouhir canals ^^ith their nin])ulhe; 
j», saccule ; aq. v, aqnn'rtuctus vestibuli ; 
saccus cndolynipljatieiis ; c.j . oanalis re- 
uniens ; c. c. canal of the cochlea. 



Fk,. 270. — View of the ivTUtioii ok 

THE LEFT O.sSEOUS LABYRINTH. 2^ 


The bony wall of the labyrinth is remored 
superiorly and externally. I, lovea bcnii- 
elliptlca ; 2, fovea hetni^phserioa ; S, common 
opening of the superior and posterior setnl- 
circular canals ; 4, opening of the a<iueduct 
ol the veslllmlc : 5, the superior, 6, the 
pO‘.terior, and 7, the oxtomal semicircular 
canals ; 8, s})i|Til tube of tbe coclilea ; 9, 
scala timpani ; 10, scala vestibuli. 


The membranous semicircular canals and the utricle and saccule 

are composed of fibrous tissue, which is adherent along one side to the 
endosteum of the bony canal ; from the opposite side bands of fibrous 
tissue pass across the perilymph. Within the fibrous membrane is a 
thick clear tunica propria, which, in the semicircular canals, forms 
papillary elevations in the interior of the tube (figs. 271, 272). 

The places of entrance of tbe nerve -fibres into tbe ampulla are 
marked by a transverse, inwardly projecting ridge {ensta)^ in the 
saccule and utricle by a thickening of tlie tunica propria (macula). 
The epithelium at these places is formed of columnar cells (fig. 273), 
which are surmounted by long, stiff, tapering hairs (auditory hairs ^ 
fig. 273, h), and to these hair-cells the axis-cylinders of the nerve-fibres 
pass directly (fig. 274) ; they are therefore — like the rod- and cone- 
elements of the retina, the bipolar cells of the olfactory membrane, and 
the gustatory cells of the taste-buds — sensory or neural epithelium-cells. 
Between them are a number of thin and somewhat rigid nucleated 
cells {fibre-cells of Eetzius, fig. 274, /), which rest upon the basement- 
membrane, and are connected at their free extremity with a cuticular 
membrane, through which the auditory hairs project. 

The auditory hairs do not project free into the endolymph, but 
into a soft mucus-like substance, of a dome-like form, in the ampullss 
(fig, 278 j, and which in the sacctile and utricle has a mass of calcareous 
particles (otoliths) embedded in it. 





Fig. 272 —Section of membranous skmuiecii ar canai (Much magnified.) 

L outer fibrous layer , 2, tunica propria , 8, fi, papilliform projections with epitlieliol coterinpr, 
6, fixed side of the canal, y Ith teay thin tttaka propria without papillae , 7, fibrous bands 
passing to periosteum. 
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The cochlea consists of a bony tube coiled spirally around an axis, 
which is known as the columella (fig. 275). The tube is divided 
longitudinally by a partition which is formed partly by a projecting 



Fig. 275, — VyniirAL sFcnoN oi* iii* (ochlfa of a calf. 



Fig. 276.— Vehiioal sf<iton of imk hr«t turn or iin iicmax (o<hlk\. 

(Heteius.) 

9 V. eoala restibuli ; « scala tympani ; I) C\ canal of the cochlea ; sp I spiral lamina , n, 
nenre-fibres , I tp. spiral ligament ; ifr.v str a vascularis , s spiral groove , Jft^ section of 
Reissner’s membrane; limbus laminae spii^lis; Mf membrana teotoria, t C, tunnel of 
Oorti , b m basilar membrane , hath internal and external haii -cells. 


lamina of bone {spiral lamina), partly by a flat membrane {basilar 
•membrane), into two parts or scales ; the upper (supposing the cochlea 
Vtoco^ dowTiwards) bcing termed the scalavestibuli (fig. 276, 8,v*) 
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the lower the eoe.la tympaiii («.L) ; the latter is closed at its larger 
end by the membrane of the fenestra rotunda. The seal® are lined by 
endosteum, and are filled with perilymph, continuous with that of the 
rest of the osseous labyrinth at the commencement of the scala vestibuli ; 
they communicate at the apex by a small opening, the helicotrema.' 

The scala vestibuli does not occupy the whole of that part of the 
bony tube of the cochlea which is above the partition. Its outer third 
is cut off by a delicate connective-tissue membrane {membrane of 
Beissner, fig. 276, -K), which springs ^om near the end of the 
spiral lamina, and passes upwards and outwards to the outer wall, thus 
separating a canal (D G) triangular in section, which is lined by epithe- 
lium, and represents the membranous labyrinth of the cochlea (canal 
of the cochlea). 

Canal of the cochlea. The floor of the canal of the cochlea is 
formed (1) of the extremity of the spiral lamina, which is thickened 
above by a peculiar kind of connective tissue, forming an overhanging 
projection known as the limbus (fig. 276, /) ; (2) of tlie basilar mem- 
brane {b,m,)y which stretches across from the end of the bony lamina 
to the outer wall, and is attached to this by a projection of reticular 
coimective tissue termed the sinral ligament (Lsj).) 

The basilar membrane is composed of stiff, straight fibres, which 
extend from within out, and themselves rest on a homogeneous stratum. 
It is covered below by a layer of coimective tissue continuous with the 
endosteum of the scala tympani ; above the modified epithelium which 
forms the organ of Corti rests upon it. It becomes gradually broader 
in the upper turns of the cochlea (rather more than twice as broad in 
the uppermost as in the lowermost turn), and its constituent fibres 
become therefore gradually longer. 

The organ of Corti consists of the following structures : 

1. The rods of Corti, two series (inner and outer) of stiff, striated 
fibres of a peculiar shape, the inner rods somewhat like a human ulna, 
the outer like a swan’s head and neck (fig. 277). They rest by one ex- 
tremity (the foot) on the basilar membrane a short distance apart, and 



Fie. 277.— A i*aib of rods of Corti, from trk rabbit’s ooctilka, in side 
VIEW. (Highly iBagnified.) 


basilar membrane ; i.r. inner rod ; outer rod. The nucleated protoplagmic masses at 
the leet arc alstJ shown. 


are inclined towards one another, their larger ends (heads) being jointed 
together ; the series of rods thus enclose a sort of tunnel, the floor of 
which is formed by a part of the basilar membrane. Close to their 
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feet may ueually be seen the remainder of the cells irom which they 
have b^n forr^. The inner rods are narrower and rather more 
numerous than the outer. Each outer rod has a process which extends 
outwards and is known as the phalangeal process. This forms part 
of— 

2. A reticular lamim (fig. 279, Ir,), which is a outicular structure 
extending like a wire-net over the outer epithelium-ceils of the organ 
of Oerti, and is composed of two or three series of stiff fiddle-shaped 
rings (phalanges) cemented together in such a manner as to leave 
square or oblong apertures through which the hair-cells (see below) 
project 

8. The outer hair-cclls placed external to the rods of Corti. These 
are epithelium-cells of columnar shape, arranged in three or four series 



Fig. 278.— Si< noN oi ihf «»kg\v oj* Cokh of ihi dog. f'/ff 

a, end of spiral buiunaf 6, c, middle (homogeneous) layer of the basilar membrane , « rei- 
iibnlar (striated) layer , g tympanal (oonnectivc-tissnc) layer , d, blood-vessel , /, nerves 
in spiral lamina ; flr, epithtlinm of spiral groove , A, nerve-fibres passing towards inner hair- 
cells* auditory liairlcts on Inner hair-cells , /, r, lamina reticularis , m, heads of the 
rods of Oorti, jointed together , n, base of inner rods , o, base of outer rod , p, f , outer 
hair-oclls , j', lower ends of iiair-cclls , ip, nerve-fibrils passing across the tunnel of Corti , 
z, cells of Deiters. 

(fig. 278, jp, g, r). The free extremity of the cell is surmounted by a 
bundle of short auditory hairs, and projects through one of the 
apertures in the reticular lamina , the fixed extremity is prolonged 
into a stiff cuticular process (fig. 280, pf), which is attached to the 
basilar membrane. Between them are other supporting cells which 
are tapered in the same manner, resting by their larger end upon the 
basilar membrane, and prolonged above into a cuticular process which 
is attached to the reticular lamina {cells of Deiters, fig. 278, e). They 
ate said by Waldeyer to be sometimes united with the outer hair-cells, 
so as to form double cells. 

4. The inner hdir-celk (fig. 278, i), placed internal to the rods Of 
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Fro 279, — Sfmi-diaokam- 

MATIC \IFW OP PAKT OF 
IHF BASHAR MBMBRANP 
AND TUNNPI OB CORTI OF 
IHF RABBir, FROM ABO>E 

AM) im siDt (Much 
t magnified ) 

l limbus , O extremity or crest 
of limbus with tooth like pro- 
jections , h b basilar membrane, 
V>/ spiral lamina aith, p, 
jierfortttions for transmission of 
nerve hires In part of the 
sjnral lamina here represented 
the nerve fibres are left, and are 
supposed to be seen through the 
upper Ujerof that lamina, con- 
verging to thiee of the perfora 
tions , to the right, m the section 
of the lamina they are shown 
occupjing a canal, or cleft mthe 
osseous substance, ir fifteen 
of the inner rods of Oorti , A t 
their fiattened heads seen from 
above , e r nine outer rods of 
Corti he their heads, is 1th 
the phalangeal processes ex 
lending ontaardfrora tliem and 
Jorming, with the two rows of 
plialauges, the lamina retion- 
Ians, 1 7 On the left of the 
figure the connective tissue 
fibres and nuclei of the under- 
most hjer of the basilar mem- 
brane are seen through the 
upjier laiers Portions of the 
basilar processes of the outer 
liair-cells remain attached here 
and there to the membrane at 
tins part. 


Fio 280.— A.N oi iFR irviR (Flt iNco>\FrnovwniiusBWi VR 
FRo< F8S. I^rom the guinea-pig (Highly magnified.) 

A, one or two halrlets which have remained attached to the cell , A, bulged 
lower end of cell , p, basilar process protoplasmic above, but becoming 
outicnlar below and sUghtlj expands d at the extrcmit>,/, which is broken 
away from the basilar membrane 
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Corti. They form a single series of columnar cells surmounted by 
auditory hairs, lying in close apposition to the inner rods. 

The rest of the epithelium-cells have no important characteristics. 
Th^y are long and columnar next the outer hair-cells, but soon diminish 
in size, becoming cubical, and in this form they are continued over 
the outer waU of the cochlear canal. Here they cover a very vascular 
membrane {stria vascularis^ fig. 276, sir), which is frequently pigmented ; 
its capillary blood-vessels may even penetrate between the epithelium- 
cells. Internal to the innej hair-cells the epithelium also soon becomes 
cubical; it is prolonged in this form over the limbus of the spiral 
lamina. The epithelium of Eeissner’s membrane is of the pavement 
variety. 

The memhrana tectoria (fig. 276, M,t,) is a soft, fibrillated 
structure, which is attached along the upper surface of the limbus, and 
lies like a pad over the organ of Corti. It thins out towards the 
distal margin, here becoming somewhat reticular, and, according to 
Retzius, attached to the lamina reticularis. In sections it usually 
appears raised a short distance above the auditory hairs, but it is 
possible that it may rest upon them during life. 



Fk,. 281.— GK>’hU\L VIMV Ol THE MODE OF OISrUIUniON Ot 1 llh IILEAR NERVE, 
ALL rilh OTHER PARTS HAVINO «KEN KKMOVLO. 


The fibres of the cochlear branch of the auditory nerve enter the 
base of the columella, and run in canals through its substance, being 
gradually deflected outwards as they pass upwards into the spiral 
lamina, at the base of which they swell out into a ganglionic cord 
(spiral ganglion). 

After traversing the spiral lamina they emerge in bundles, and the 
fibres then, having lost their medullary sheath, pass into the epithe- 
Umn of the inner hair-cell region. Here some of them are connected 
directly with the inner hair-cells, whilst others pass in the form of 
delicate fibrils across the tunnel of Corti, to become connected with 
the outer bair-oells (fig. 278). 
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Gftntral Xethodi of Preferring end Hardening Titfues and OrganeJ — The 

fluids which are most commonly used are alcohol, chromic acid solution 
(1 in 500), picric acid solution (saturated), bichromate of potash solution 
' (2 per cent.), Muller's fluid (bichromate of potash 2^ parts ; sulphate of soda 
1 part; water 100 parts), and bichromate of ammonia (2 per cent.) The 
following are the methods of hardening the several tissues and organs which 
are found to give the best general results : — 


Tissue or Organ 



Hardening Fluid 

Bladder 



Chromic acid. 

Blood-vessels , 



Alcohol, or bichromate of potash. 

Brain 



Bichromate of ammonia. 

Elastic ligament 



Bichromate of potash. 

Embryos . 



Chromic acid or picric acid. 

Eye . . * . 



Muller's fluid. 

Eyelids 



Alcohol, 

Ganglia . 



Picric acid. 

Heart 



Alcohol, or bichromate of potash. 

Injected organs 



AlcohoL 

Intestine , 



Distend with chromic acid. 

Kidney 



Bichromate of potash. 

Lachrymal gland 



Alcohol. 

Larynx 



Chromic acid. 

Liver 



Bichromate of potash. 

Lung 



Distend with chromic acid. 

Mammary gland 



Alcohol. 

Marrow of bone 



AlcohoL 

Muscular tissue, striated 



Bichromate of potasln 

,, non-striated 


Chromic acid. 

Nerve 



Picric acid. 

(Esophagus 



Distend with chromic acid. 

Ovary 



Chromic acid. 

Pancreas . 



Alcohol. 

Betina 



Muller's fluid. 

Salivary glands . 



Alcohol. 

Sclerotic and cornea . 



Alcohol, or Muller’s fluid. 

Skin .... 



Alcohol. 


* Methods of preparation req[aired for special purposes are given in the Lessons. 

B 
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Tissae or Organ 

Spinal oord 
Spleen 
Stomach • 

Suprarenal capsule . 
Tendon and ligament 
Testis 

Thymus gland . ' . 

Thyroid gland . . c 

Tongue 

Tonsils 

Trachea . 

Ureter 

Uterus 


Hardening Fluid 

Bichromate of ammonia. 
Bichromate of potash. 

Distend with chromic acid or with 
alcohoL 
Alcohol. 

Alcohol. 

AlcohoL " 

AlcohoL 

AlcohoL 

Bichromate of potash. 

AlcohoL 
Chromic acid. 

Chromic acid. 

Chromic acid. 


Tissues to be hardened in alcohol may either be placed at once in strong 
spirit (90 per cent, alcohol), or the hardening may be effected gradually, the 
tissue being placed first in weak spirit (50 per cent.) for twenty-four hours, 
then in somewhat stronger, and finally in strong spirit or absolute alcohoL 
They are ready for cutting after having been twenty-four hours in strong 
spirit. 

For tissues that aro to bo hardened in | per cent, chromic acid, an immer- 
sion of firom 7 to 14 days is generally necessary ; they ^ay then be washed 
with water, and placed in alcohol for preservation and to complete the iiro- 
oess of hardening. 

Organs placed in bichromate of potash or Miiller’s fluid are ready for 
sections in a fortnight or three weeks ; they may, however, be left for n much 
longer time in those fluids without deterioration. With picric acid the 
hardening process is generally complete in two or three days; the organs 
should then be washed for some hours under a tap and transferred to spirit. 

The hardening of the brain and spinal cord in bichromate of ammonia 
takes three or four weeks. These organs should not be left too long in the 
solution, since they are apt to become brittle, but sections should be prepared 
from them as soon as ready. 

In no case should the pieces of tissue to be hardened be too thick for the 
fluid readily to penetrate to every part. 

Embedding of Hardened Tissues, and Preparation of Sections. — Sections are 
most advantageously made with some form of microtome. It is generally 
needful to support the hardened tissue whilst it is being cut, and with this 
object it is embedded in some fatty or other substance which is applied to it 
in the fluid condition and becomes solid on standing. The embedding sub- 
stance can either simply enclose the tissue, or the tissue may be soaked in 
it : the latter method is the one most commonly employed. 

The embedding substance chiefly used is paraflin. 

Emheddmg m paraffin , — Before being soaked in melted paraflBn, the 
piece of tissue is stained with borax-carmine or hssmatoxylin, dehydrated by 
absolute alcohol, and is then soaked in turpentine. From turpentine it is 
transferred to melted paraflin, which should not be too hot, and so^od in this 
for an hour or more, according to thickness. It is then placed in any desired 
position in a paper tray or on the microtome and surrounded by melted 
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paraAn. When coid^ thin sections can be cut, the parafto dissolved out by 
turpentine, and the sections mounted. 

Preparation of frozen seetiona^ — The bichromate solutions are the best 
fluids to use for preserving tissues which are to be frosen in place of being 
embedded. The tissue in such cases should not be put into alcohob but 
merely requires to be dipped in strong gum before being placed upon the 
freezing microtome. Portions of the central nervous system need to be 
aoalced in gum to which a little syrup has been added. 

Staining and mounting of aectiona^ — ^The fluids most commonly employed 
for the staining of sections are : — 1. A dilute watery solution of hasmatoxylm 
and alum ; 2. A solution of carmine ; 8. A solution of picro-oarminate of am- 
monia. The time of immersion in staining fluid varies according to the 
strength of the fluid and the mode by which the tissue has been hardened. 
The necessity of staining sections may be avoided if the piece of tissue is 
stained in bulk before embedding. For this purpose a carmine solution is 
mostly used, on account of its penetrative power, that known as borax-carmine 
being the best. The tissue must be left in it for twenty-four hours or more, 
and then placed in acidulated alcohol. An alcoholic solution of magenta can 
be used for staining in bulk ; ftom this the tissue goes into a small quantity 
of oil of cloves or into turpentine, and, after being soaked with tliis, into the 
melted paroflin. 

If the tissues have not been stained in bulk, the following is the order of 
transference of the sections (they are supposed, if cut ftom parafOin, to have 
been freed from this by immersion in turpentine) 

1. From turpentine to absolute alcohol (5 minutes). 

2. From alcohol to distilled water minute). 

8. From distilled water to haematoxylin or cannine (5 nainutes or more). 

4. From haematoxylin to distilled water minute). 

5. From distilled water to alcohol (2 or 8 minutes). 

6. From alcohol to oil of cloves (1 minute). 

7. From oil of cloves to Canada balsam. 

If the tissues have already been stained in bulk, the sections are simply 
mounted in Canada balsam after the parafSn used for embedding has been 
dissolved away from them in turpentine. 

Creoaote-ahellac method of mountifig, — Friable sections, such as sections 
of small embryos, and ribands of sections such as are cut with many micro- 
tomes, are mounted in the following way : — The slide is smeared with a solu- 
tion of shellac in creosote, the sections are placed in this and warmed so as to 
melt their paraflan. They are thus fixed by the shellac, and the slide can be 
immersed in turpentine to remove the paraffin, and the sections then covered 
in Canada balsam. For this method the tissue should always have been pre- 
viously stained in bulk. 

Solutions employed for Staining : — 1. Solution of hcematoxylin in water* — 
Bub together in a mortar 10 grammes of powdered alum and 5 grammes of 
extract of haBmatoxylin with 25 cubic centimeters of 70 per cent, alcohol, 
gradually adding 100 cubic centimeters of distilled water. Decant into a 
bottle and add a drop or two of ammonia. Let the mixture stand a few 
days, occasionally shaking it. For staining, add two or three drops to a 
watch-glass full of distilled water, and filter if necessary. 

2. Qrenachcr'a haematoxylin* — To 150 cubic centimeters of a saturated 
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flolution of alum in water, add 4 cid>ie o^tjmeters of eaturated solution of 
hs&matoxylin in a2cah<d. Let the mixtqre stand 8 days, then decant, and 
add 25 cubic centimeters of glycerine, and 26 cubic centimeters of methylic 
alcdboL 

8. Kkiimiherg'i hoBmatoxyUn. — ^This serves better for staining in bulk. 
Saturate 70 per cent, alcohcd first with calcium chloride and then with ahun, 
and after filtration add six to eight volumes of 70 per cent, alcohol. 

Take a fireshly prepared saturated solution of h«ematoxylin in absolute 
alcohol, and add it drop by drop to the above mixture until it is of a distinct 
purplish colour. 

This solution improves oS keeping. It may if necessary be diluted with 
more of the mixture. 

When hiematoxylin solutions become red instead of blue, a trace of 
ammonia will restore the requisite colour. 

4. Ca/rmmate of ammonia, — Prepared by dissolving carmme in ammonia 
and allowing the excess of ammonia to escape by slow evaporation. The 
salt should be allowed to dry and be dissolved in water as required. 

6. Picro^ca/rmvnate of ammoma (jpicro’-ca/rrmne), — ^To a saturated solution 
of picric acid add a strong ammoniacal solution of carmine, until a precipitate 
' begins to form. Evaporate on the water-bath to ^th ; filter fi:om the sedL 
ment and evaporate the filtrate to dryness. Make a 5 per cent, solution of 
the residue, diluting further as required. 

6. Borax^carmme, — a. Dissolve 4 grammes borax and 8 grammes 
carmine in 100 cubic centimeters of warm water. Add |00 cubic centimeters 
of 70 per cent, alcohol, filter and let stand. This solni )n improves on keep- 
ing. It is useful for staining in bulk. 

Boil 0*5 gramme carmine and 1 gramme borax in 100 cubic centi- 
meters water. Filter and add acetic acid drop by drop until the original 
violet colour becomes crimson ; then filter once more. This solution is used 
for staining sections. 

After staining with borax-carmine, the tissue should in all cases be placed 
in 70 per cent, alcohol containing 5 drops of hydrochloric acid to 100 cubic 
centimeters. 

7. Magenta , — This may be kept in solution in alcohol (0*5 to 1 per cent.) 
For fresh tissues and for sections to be mounted in glycerine, an excellent 
staining fiuid is obtained by adding one or two drops to a watch-glass of water. 
For sectionB to be mounted in Canada balsam a solution in oil of cloves is 
used. This is best made by adding a drop of the alcohdic solution to a little 
oil of cloves in a watch-glass : the sections after being stained |ure washed 
in i^irit of turpentine. 

8. Gentian Mix 20 cubic centuneters water with 10 cubic centi- 

meters alcohol and 10 cubic centimeters glycerine, and add to the mixture 
10 drops of a 1 per cent, solution of gentian violet in alcohol and 10 drops 
of a 25 per cent, solution of formic acid in water. 

This solution gives excellent results with fresh tissues, especially with 
epitheUnm. 

9. Safrmm, — ^A saturated alcoholic solution is used for staining cell- 
ntidei. The tissue elements havmg been fixed by dilute chromic a>oid or by 
alcohol, small shreds or thin sections are placed for 12 to 24 hours in a little 
of Uie solution, mixed with half its bulk of water. The shreds are rinsed in 
absolute alcohol (which must contain no trace of free acid) until the colour is 
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washed out &om everything except the nuclei ; they are then at once trans- 
ferred to turpentine, and from this are mounted in Canada balsam. 

10. AnMns hlue-hlaeh — ^Dissolve 1 gramme of aniline blue-black in a 
mixture of 80 parts of water with 20 of alcohol. This serves for staining the 
central nervous system either in bulk or in sections. 

11. 8tcmmg with chloride of gold. — a. Cohnheim*8 method. — Place the 
fresh tissue for from 80 to 60 minutes m ^ per cent, solution of chloride of 
gold ; then wash and transfer to a large quantity of water just acidulated 
with acetic acid. Keep for 2 or 3 days in the light in a warm place. 

fi. L6wiV$ method. — Place small pieces o£» the fresh tissue in a mixture 
of 1 part of formic acid to 2 to 4 parts of water for ^ to 1 minute ; then in 
1 per cent, chloride of gold solution for 10 to 15 minutes ; then back again into 
the formic acid mixture for 24 hours and then into pure formic acid for 24 
hours more. After removal from the gold, and whilst in the acid, the tissue 
must be kept in the dark. 

y. Ecmvier^a method. — Immerse in lemon-juice for 5 to 10 minutes, then 
wa^ with water and place in 1 per cent, gold chloride solution for 20 minutes. 
Then treat either as in Cohnheim’s or in Lowit’s method. 

12. Stwimng with nitrate of silver. — Wash the fresh tissue with distilled 
water; immerse in J to 1 per cent, nitrate of silver solution for 5 to 10 
minutes ; rinse with distilled water and expose to bright sunlight either in 
water, alcohol, or glycerine. 

XouLtmg Solutions : — 1. Saline solution. — A 0*6 per cent, solution of 
common salt is used in place of serum for mounting fresh tissues for imme- 
diate examination. 

2. A mixture of glycerine and water in equal parts. 

8. F arrant s soluiion. — Take a mixture of equal parts of glycerine and 
saturated watery solution of arsonious acid, and stir gum arabic witli it until a 
thick syrupy fluid is formed. -Filter. 

4. Canada balsam, from which the volatile oils have been driven off by 
heat, dissolved in benzole. 
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Crown 8vo. 6j. 

ARISTOPHANES. — The Achar- 

NUNS OF Aristophanes, Translated 
into English Verse by Robert Yelver- 
TON Tyrrell, M.A. Dublin. Crown 
8vo. 25 , 6d, 

ARISTOTLE. — The Works of. 

The Politics^ G. Bekker^s Greek 
Text of Books I. III. IV. (VII.) with 
an English Translation Iw W. E. 
Bolland, M.A. ; and short Introductory 
Essays by A. Lang, M.A. Crown 8vo, 
7 j. (id. 

The Ethics; Greek Text, illustrated 
with Essays and Notes. By Sir Alexan- 
der Grant, Bart. M.A. LL.D. 2 vols, 
8vo. 32s, 

The Nicomachean Ethics^ Newly 
Translated into English. By Robert 
Williams, Barrister-at-Law. Crown 
8vo. 7x. (id, 

ARNOLD. — Works bv Thomas 

Arnold y D.D, Late Head-master of 
Rugby School, 

Introductory Lectures on Mo- 
dern History^ delivered in 1841 and 
1842. 8vo, *1$, (id. 

Sermons Preached mostly in 
the Chapel of Rugby School, 6 
vols. crown 8vo. 30^. or separately, 5J. 
each. 

Miscellaneous Works, 8 yo. ^s, 6d, 

ARNOLD. — Works by Thomas 
Arnold^ M.A, 

A Manual of English Litera- 
TURBi Historical and Critical. By 
Thomas Arnold, M.A. Crown 8vo. 
*js, 6d, 

English Poetry and Prose: a 
Collection of Illustrative Passages from 
the Writings of English Authors, from 
the Anglo-Saxon Period to the Present 
Time. Crowm 8vo. 6s, 

ARNOTT. — The Elements of Phy- 
sics OR Natural Philosophy, By 
Neil Arnott, M.D. Edited by A. Bain, 
LL.D. and A. S. Taylor, M.D. F.R.S. 
Woodcuts. Crown 8vo. lar, 6 d, 


s 

ASHBY. — Notes on Physiology 
FOR THE Use OF Students Preparing 
for Examination, With 120 Wood- 
cuts. By Henry Ashby, M.D. Lond., 
Physician to the General Hospital for Sick 
Children, lyianchester. Fcp. 8vo. 5^, 

AYRE. -The Treasury of Bible 
Knowledge ; being a Dictionary of the 
Books, Persons, Places, Events, and other 
matters of which mention is made in 
Holy Scripture. By the Rev. J. Ayre, 
M.A. With 5 Maps, 15 Plates, and 300 
'Vy'oodcuts. Fcp. 8vo. 6s, 

BACON . — The Works and Life of. 

Complete Works, Collected and 
Edited by R. L. Ellis, M.A . J. 
Spedding, M.A. and I). D. Heath. 
7 vols. 8vo. Jp, 6d, 

Letters and Life, including all 
nis Occasional f Y orks. Collected 

and Edited, with a Commentary, by J, 
Spedding, 7 vols. 8vo. £4, 4s, 

The Essays; with Annotations. 
By Richard Wiiately, D.D., sometime 
Archbishop of Dublin. 8vo. lOf. &l. 

The Essays; with Introduction, 
Notes, and Index. By E. A. Abbott, 
D.D. 2 vols. fcp. 8vo. price 6s, The 
Text and Index only, without Intro- 
duction and Notes, in i vol. fcp. 8vo, 
price 2s, 6d, 

The Essays; with Critical and 
Illustrative Notes, and other Aids for 
Students. By the Rev. John Hunter, 
M, A. Crown 8vo. 3^. 6d. 

The Promus of Formularies and 
Elegancies, illustrated by Passages from 
Shakespeare. By Mrs. H. Pott 
Preface by E. A. AuBorr, D.D. 8\o 
l6s, 

BAGEKOn. -IVoRKs BY Walter 
Bagehot, M.A, 

Biographical Studies, 8vo, 12 ^. 

Economic Studies, 8vo. los, 6d, 

Literary Studies. 2 vols. 8vo. 
Portrait. 28r. 

BAILEY. — Festus, a Poem, By 
Philip James Bailey. Crown 8vo. 
I2s, 6d, 

BKKER*-- Works by Sir Samuel 
W, Baker, M.A, 

Eight Years in Ceylon, Crown 
8vo, Woodcuts. 5^. 

The Rifle and the Hound in 
Ceylqn, Crown 8 vo. Woodcuts, fs. 
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BAIN. - Works by Alexander 
Bajn^ LL,D, 

Mental and Moral Science; a 

Compendium of Psychology and Ethics, 
Crown 8vo. loj. 6d, 

The Senses and the Intellect, 
8vo, iS^f 

The Emotions and the Will. 

8vo. 15^. 

Practical Essays. Crown 8vo. 

4x, 6d. 

Logic, Deductive and Induotive. 
Pari' I, Deduction, 4s, Part II. /«- 
dticHon, 6s, 6d. 

James Mill; a Biography. Crown 

8vo, 5 j. 

John Stuart Mill; a Criticism, 

with Personal Recollections. Crown 
8vo. 2s, 6d. 

BARRY & BRAMWELL - 

WAVS AND Locomotives: a Series of 
I.ectures delivered at the School of 
Military Engineering, Chatham. RaiU 
%vays, by J. W. Barry, M. Inst, C.E. 
Locomotives, by Sir F. ]. Bra M well, 
F.R.S., M. Inst. C.E. With 228 Wood 
Engravings. 8vo. 21s. 

BEACONSFIELD.- iFoj^As BY THE 
Earl of Beaconseield, K.G, 
Novels and Tales, The Cabinet 
Edition, ix vols. Crown 8vo. 6^. each. 
Endymion. 

Lothair. Henrietta Temple. 

Coningsby. Contarini Fleming, &c. 

Sybil. Alroy, Ixion, &c. 

Tancred. The Young Duke, &c. 

Venetia. Vivian Grey, &c. 

Novels and Tales. The Hugh- 
enden Edition. With 2 Portraits and 1 1 
Vignettes, ii vols. Crown 8vo, 42J, 
Novels and Tales, Modern No- 
velist’s Library Edition, complete in ii 
vols. Crown Svo. 21s. boaids, or 27^. 6d, 
cloth. 

Selected Speeches. AVith Intro- 
duction and Notes, by T. E. Kebbel, 
M.A. 2 vols. Svo. Portrait, 32^. 

The Wit and Wisdom of Ben- 
jAMiN Disraeli, Earl of Beacons- 
FIELD. Crown Svo. 3.r. 6d. 

The Beaconseield Birthday- 
book: Selected from the Writings and 
Speeches of the Right Hon, the Earl of 
Beaconsfield, K.G. With 2 Portraits and 
II Views of Hughenden Manor and its 
Surroundings. i8mo. 2$. 6d, cloth, gilt ; 
6d, bound. 


BECKER.— Works by Professor 
Becker, translated from the German by 
the Rei>. F. Metcalf. 

Gall US; or, Roman Scenes in the 
Time of Augustus. Post Svo. p, 6d. 

Charicles ; or, Illustrations of the 
Private Life of the Ancient Greeks. 
Post Svo. 7j, 6d. 

'SLkCYi.—FiiACTicAL Treatise on 
Brewing; with Formulse for Public 
Brewers and Instructions for Private 
Families. By W. Black. Svo, lOJ. 6d, 

BLACKLEY & FRIEDLANDER.-^ 

Practical Dictionary of the Ger- 
man and English Languages: con- 
taining New Words in General Use not 
found in other Dictionaries. By the Rev. 
W. L. Blackley, M.A. and C. M. 
Friedi/ander, I'h.D. J’ost Svo. p. 6d, 

BOULTBEE* — Works by the Rev, 
T P. Boultbee, LL,D. 

A Commentary on the 39 Arti- 
cles, forming an introduction to the 
Theology of the Church of England. 
Crown Svo./ ^ 

A Histok y of the Church of Eng- 
land; Pre-Reformation Period. Svo. 
15’^. 

BOURNE. JForks by John 
Bourne, C.E. 

A Treatise ON the Steam Engine, 
in its application to Mines, Mills, Steam 
Navigation, Railways, and Agriculture, 
With 37 Plates and 546 Woodcuts. 410, 

42J. 

Ca techism of the Steam Engine, 
in its various Applications to Mines, Mills, 
Steam Navigation, Railways, and Agri- 
culture. With 89 Woodcuts. Fep.Svo. 6j. 

Handbook of the Steam Engine; 
a Key to the Author’s Catechism of the 
Steam Engine, With 67 Woodcuts. Fcp. 
Svo. 9J. 

Recent Improvements in the 
Steam Engine, With 124 Woodcuts, 
Fcp, Svo. 6s, 

Examples of Steam and Gas 
Engines of the most recent Approved 
Types, With 54 Plates and 356 Wood- 
cuts. 4to. 7af. 

BRAMSTON & LEROY , — Historic 
mNCHESTER; England’s First Capital. 
By A. R. Bramston and A, C* Leroy, 
Cr. Svo. 6s, 
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BBANDE S Dictionary of Science, 
Litbratvrs, and Art. Re-edited by 
the Rev, Sir G. W. Cox, Bart,, M.A, 
3 vols, medium 8vo. 63^. 

BRASSEY. - Works BV Lady 
Brassey. 

A Voyage in the ^ Sunbeam^ our 
Home on the Ocean for Eleven 
Months, By Lady Brassey. With 
Map and 65 Wood Engravings. Library 
Edition, 8vo.2ir. Cabinet Edition, crown 
8vo. *is. (id. School Edition, fcp. 2s, 
Popular Edition, 4to. (d. 

Sunshine AND Storm m the East; 
or, Cruises to Cyprus and Constantinople. 
With 2 Maps and 114 Illustrations en- 
graved on Wood. Library Edition, 8vo. 
2is, Cabinet Edition, cr. 8vo. 6d, 

In the Trades^ the Tropics^ and 
THE ‘ Soaring Forties * ; or, Fourteen 
Thousand Miles in the Sunbeam in 1883, 
By Lady Brassey. With nearly Two 
Hundred and Fifty Illustrations engraved 
on Wood from drawings by R. T, 
Pritchett, and Eight Maps and Charts. 
Library Edition, 8vo. 2IJ. 

BROWNE . — An Exposition of the 
39 Articles, Historical and Doctrinal. 
By E, H. Browne, D.D., Bishop of 
Winchester. 8vo. i6s. 

BUCKLE . — History of CiyizisA" 
TiON IN England and France, Spain 
AND Scotland, By Henry Thomas 
Buckle. 3 vols. crown 8vo. 24^. 

BUCKTON.— Works by Mrs, C, M, 
Buckton, 

Food and Home Cookery; a Course 
of Instruction in Practical Cookery and 
Cleaning. With ii Woodcuts. Crown 
8vo. 25, (id. 

Health in the House: Twenty- 
five Lectures on Elementary Physiology, 
With 4 1 Woodcuts and Diagrams, Crown 
8vo. 25, 

BJJLl.-- IVOR AS BY Thomas Bull, 
M,D, 

Hints to Mothers on the Man- 
agement OF THEIR Health during the 
Period of Pregnancy and in the Lying-in 
Room. Fcp. 8vo. u. (d. 

The Maternal Management of 
Children in Health and Disease, 
Fcp. 8vo. 15, 6d, 

BUBTON.— i/i' Home Farm. By 
Mrs. John Hill Burton. Crown 8vo. 
y. 6d, 


CABINET LAWYER, The ; a Popular 

Dip^est of the Laws of En^and^ Ci^dl, 
Criminal, and Constitutional, Fcp. 8vo. 

95, 

CALVERT. — The Wiff^s Manual ; 

or Prayers, Thoughts, and Songs on 
Several Occasions of a Matron’s Life, By 
the late W, Calvert, Minor Canon of 
St. Paul’s. Printed and ornamented in 
the style of Quceit Elizabeth's Prayer 
Book, Crown 8vo. (s, 

CARI^YLE* — Thomas and Jane 
Welsh Carlyle, 

Thomas Carlyle, a History of the 
first Forty Years of his Life, 1795-1835. 
By J. A. Froude, M.A, With 2 Por- 
traits and 4 Illustrations, 2 vols. 8vo. 32J, 
Carlyle's Life in London: from 
1834 to his death in 1881. By James A. 
Frouue, M.A. with Portrait engraved 
on steel. 2 vols. 8vo, 32J. 

Reminiscences, By Thomas Car- 
lyle. Edited by J. A. Froude, M.A. 
2 vols. crown 8vo. i8j. 

Letters and Memorials of Jane 
Welsh Carlyle, Prepared for pub- 
lication by Thomas Carlyle, and edited 
by J. A. Froude, M.A. 3 vols, 8vo, 36^, 

CATES. — A Dictionary of 
General Biography, By W. L. R. 
Cates. 8vo. 28j. 

CHESNEY. — Wa terloo Lectures ; 

a Study of the Campaign of 1815. By 
Col. C. C. Chesney, R.E. 8vo, ios,6d, 

CHRIST OUR IDEAL, an Argu- 
ment from Analogy. By the Author of 
‘ The Gospel for the Nineteenth Century 
8vo. Ss. 6d. 

CICERO. — The Correspondence op 

Cicero: a revised Text, with Notes and 
Prolegomena. — Vol. I., The Letters to 
the end of Cicero’s Exile. By Robert 
Y. Tyrrell, M.A., Fellow of Trinity 
College, Dublin, 12^. 

COATS. Manual OF Pathology, 
By Joseph Coats, M.D. Pathologist 
to the Western Infirmary and the Sick 
Children’s Hospital, Glasgow ; formerly 
Pathologist to the Royal Infirmary, and 
President of the Pathological and CKnical 
Society of Glasgow. With 339 Illustra- 
tions engraved on Wood. 8vo. 3 Ia (d, 

COLENSO.— Pentateuch and 
Book of Joshua Crttically Mjp- 
AMINED, By J. W. CoLIENSO,, D.D„ 
late Bishop of Natal. Crown- Svo, 6s, 
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COHDER.—^ Handbook to thr 
Biblb^ or Guide to the Study of the Holy 
Scriptures derived from Ancient Monu- 
ments and Modem Exploration, By F, 
R. CoNDER, and Lieut, C. R. Conder, 
R.E. Post 8vo. 7^. 6 d, 

CONINGTON. --- Works BV John 

CONJNGTON^ M.A, 

Thr AEnrw of Virgil. Trans- 
lated into English Verse. Ciown 8vo. pj. 
The Poems of Virgil. Translated 
into English Prose, Crown 8vo. fs, 

CONTANSEAU. — Works by Pro^ 
FEssoR Leon Contanslau. 

A Practical Dictionary of the 
French and English Languages. 
Post 8vo. 3J. 6 d. 

A Pocket Dictionary of the 
French and English Languages; 
being a careful Abridgment of the Author’s 
* Practical French and English Dictionary,* 
Square i8mo. is. 6 d. 

COHYBEARE & HOWSON.-Tz/^ 

Life and Epistles of St. Pa ul. 
By the Rev. W. J. Conybearr, M.A., 
and the Very Rev. J, S, IlowbCW, D.D. 
Dean of Chester. 

Library Edition, with all the Original 
Illustrations, Maps, Landscapes on Steel, 
Woodcuts, &c. 2 vols. 4to. 42^. 

Intermediate Edition, with a Selection of 
Maps, Plates, and Wood-cuts, 2 vols, 
square crown 8 vo. 217. 

Student’s Edition, revised and condensed, 
with 46 Illustrations and Maps, l vol, 
crown 8vo, yj. (xi, 

COOKE. — Tablets of Anatomy 
AND Physiology. By Thomas Cooke, 
F,R.C.S, Being a Synopsis of Demon- 
strations given in the Westminster Hos- 
pital Medical School, A.i). 1871-1875. 
Anatomy, complete, Second Edition, 
4to. i5.r. Physiology, complete, Second 
Edition, 4to. icxr. 

^ese Tablets uiay still be had in 
separate Fasciculi as originally published. 

cox.- A General History of 

Greece: from the Earliest Period to the 
Death of Alexander the Great; with a 
Sketch of the Subsequent History to the 
Present Time. By the Rev, Sir G. W. 
Cox, Bart, M.A, With ii Maps and 
Plans, Crown 8vo. 75. (A. 

CBAWFORD . — Across the Pampas 
AND THE Andes. By Robert Craw- 
ford, M.A. With Map and 7 Illustra- 
tions, Crown 8vo, 7 j. 6 d, 


CREIGHTON. -X/swjtr OF THE 
Papacy During the Reformation. 
By the Rev. M, Creighton, M.A, Vol. 
I. the Great Schlsm—the Council of 
Constance, 1378-1418. Vol. II, the 
Council of Basel— The Papal Restoration, 
1418-1464. 2 vols. 8vo, 32J. 

CSESY»-^Dncyclopasdi 4 of Civil 
Engineering^ Historical, Theoretical, 
and Practical. By Edward Cresy, 
With above 3,000 Woodcuts, 8vo. 25J, 

CULLEY , — Handbook of Practical 
Telegraphy. By R. S. Culley, 
M. Inst. C.E, Plates and Woodcuts, 
8vo, i6j. 

DAVIDSON , — An Introduction to 
THE Study of the New Testament^ 
Critical, Exegetical, and Theological. 
By the Rev. S. Davidson, D.D. LL.D. 
Revised Edition. 2 vols. 8vo. 30J, 

DEAD SHOT, The, OR Sports- 
man's Complete Guide ; a Treatise on 
the Use of the Gun, with Lessons in the 
Art of Shooting Game of all kinds, and 
Wild-Fowl, also Pigeon-Shooting, and 
Dog-Breakinp. By Marksman. With 
13 Illustratk Crown 8vo. loj. 6 d. 

DECAISNE & LE MAOUT.-^ 

General System of Botany. Trans 
lated from the French of E. Le Maout, 
M.D., and J. Dkcaisne, by Mrs. 
Hooker ; with Additions by J. D. 
Hooker, C.B. F.R.S. Imp. 8vo. with 
5,500 Woodcuts, 31 J. 6 d. 

DE TOCQUEVILLE. — Democracy 

in America. By Alexis de Tocque- 
viLLE. Translated by H. Reeve. 2 vols, 
crown 8 VO. i6r. 

DEVAS. — Groundwork of Econo- 
mics. By C. S. Devas. 8vo. i6j. 

DEWES »—The Life and Letters 
of St. Paul. By Alfred Dewes, 
M.A. LL.D, D.D. Vicar of St. Augus- 
tine’s, Pendlebury, With 4 Maps, 8vo, 
p. 6 d. 

DIXON.— Bird Life; Essays 

on Ornithology, with Instructions for 
Preserving Objects relating to that 
Science. By Charles Dixon. With 
45 Woodcuts. Crown 8vo. $s. 

DOWHING^^Elements of Prac-> 
TiCAL Corstruction, for the Use of 
Students in Engineering and Architecture. 
By Samuel Downing, LL.D. Part L 
Structures in Direct Tension and Com- 
pression. With numerous Woodcuts 
and a Folio Atlas of 14 Plates. 8vo, 14;. 
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DICKINSON. — Diseases of the 
Kidney AND Urinary DERANCEMEhiTs. 
By W. Howship Dickinson, M.D. 
Cantab. F,R,C.P. &c. Physician to, and 
Lecturer on Medicine at, St. George’s 
Hospital. In Three Parts. Part I.— 
Diabetes j with 3 Plates of Figures and 17 
Woodcuts. 8vo. price ioj. 6d, Part 
H . — AlbuminurWy with ii Plates and 31 
Woodcuts, price 20s, 

%* The Two Parts may be had sepa- 
rately, each an independent work : Part 
L— Diabetes f price 12^. cloth. Part 
II. — Being the Second Edition Revised 
of Dr. Dickinson’s ‘Pathology and 
Treatment of Albuminuria,’ price 2IJ. 
cloth. Part III., completing the work, 
is in the Press. 

DOYLE. — The English in America; 

Virginia, Maryland, and the Carolinas. 
By J. A. Doyle, Fellow of All Souls’ 
College, Oxford. 8vo. Map, i8j. 

DRESSER. its Architec- 
ture, Art, and Art Manufactures, 
By Christopher Dresser, Ph.D. F.L.S. 
&c. With 202 Graphic Illustrations en- 
graved on Wood for the most part by 
Native Artists in Japan, the rest by G. 
Pearson, after Photographs and Drawings 
made on the spot. Square crown 8vo. 
31J. 6 <I, 

EASTLAKE . — El IE Great Paint- 
ers; Essays on Leonardo da Vinci, 
Michael Angelo, Titian, Raphael, Albert 
Diirer. By Lady Eastlake. 2 vols. 
Crown 8yo. i6j. 

EASTLAKE«— Works by C Z. East- 
lake, EP,S, B,A. 

Hints on Household Taste jn 
Furniture, Upholsiery, &c. With 
100 Illustrations. Square crown 8vo. 14J. 

Notes on Foreign Picture Gal- 
leries, Crown 8vo. 

The Louvre Gallery, Paris, with 114 Illus- 
trations, *is, (xi. 

The Brera Gallery, Milan, with 55 Illustra- 
tions, fyS, 

The Old Pinaluthell, Munich, with 107 
Illustrations, 7r. (d, 

EDEBSHEIH. — The Life and 
Times of Jesus the Messiah. By 
the Rev. Alfred Edersheim, M.A. 
Oxon, D.D. Ph.D. Warburtonian Lec- 
turer at Lincoln’s Inn. 2 vols. 8vo. 42.f. 

EDWABDS. — Our Seamarks. By 

E. Price Edwards. With numerous 
Illustrations of Lighthouses, Lightships, 
I^hting Appliances, &c. engraved on 
Wood l^G. 11 . Ford, Crown 8vo. Ss. 6(1, 


ELLICOTT.-- Works by C y. 
Ellicott, D,D,, Bishop of Gloucester 
and Bristol. 

A Critical and Grammatical 
Commentary ON St, PauPs Epistles. 
8vo. Galatians, 8r. 6d, Ephesians, 
8.r. 6d, Pastoral Epistles, icxf. 6d, Philip- 
pians, Colossians, and PhUemon, lOr. w, 
Thessalonians, yr. 6d, 

Historical Lectures on the Life 
OF Our Lord Jesus Christ, 8vo. 12j, 

EPOCHS OF ANCIENT HISTORY. 

Edited by the Rev. Sir G. W. Cox, Bart. 
M.A. and C. Sankey, M.A. 

Beesly’s Gracchi, Marius and Sulla, 2s, 6d, 
Capes’s Age of the Antonines, 2 s, 6d, 

Early Roman Empire, 2s, 6d, 

Cox’s Athenian Empire, 2s. 6d. 

Greeks and Persians, 2s, 6d. 

Curteis’s Macedonian Empire, 2s, 6d, 

Ihne’s Rome to its Capture by the Gauls, 
2s. 6d. 

Meri vale’s Roman Triumvirates, 2s, 6d. 
Sankey’s Spartan and Theban Supremacies, 
2s. 6d, 

Smith’s Rome and Carthage, 2 S, 6d, 

EPOCHS OF MODERN HISTORY. 

Edited by C. Colbeck, M.A. 

Church’s Beginning of the Middle Ages, 
2s. 6d, 

Cox’s Crusades, 2s. 6d, 

Creighton’s Age of Elizabeth, 2s, 6d, 
Gaiidner’s Lancaster and York, 2 s, 6d, 
Gardiner’s Puritan Revolution, 2s, 6d, 

Thirty Years’ War, 2s, 6d, 

— (Mrs.) French Revolution, 2s, 6d, 

Hale’s Fall of the Stuarts, 2s, 6d, 

Johnson’s Normans in Europe, 2s. 6d. 
Longman’s Frederick the Great, 2s. 6d, 
Ludlow’s War of American Independence, 
2s. 6d, 

M‘Carthy’s Epoch of Reform, 1830-1850, 
2s, 6d, 

Morris’s Age of Anne, 2s, 6d, 

Seebohm’s Protestant Revolution, 2s, 6d, 
Stubbs’ Early Plantagenets, 2x. 6d, 
Warburton’s Edward III, 2s, 6d, 

ERICHSEN. — Works by John Eric 
Erichsen, F,R,S, 

The Science and Art of Sur- 
gery: Being a Treatise on Surgical In- 
juries, Diseases, and Operations. Illus- 
trated by Engravings on Wood, 2 vols 
8vo. 42r . ; or bound in half-russia, 60s, 
On Concussion of the Spine, Ner- 
vous Shocks, and other Obscure Injuries 
of the Nervous System in their Clinical 
and Medico-Legal Aspects. Crown 8vo. 
IOJ. 6d, 
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EVANS. — Ths Bronze Implements, 
AmSf ajstd 0&mMB^Ts of Great 
Britain and Ireland, By John 
Evans, DX.L. LL.D. F.R.S, With 
540 lUusUations. 8vo. 25^. 

EWAL0.- Works by Professor 
Heinrich Ewald^ of Gottingen. 

The Antiquities of Israel. 
Tnmslated from the German by H. S. 
Solly, M»A. 8vo. i2f. 6d, 

The History of Israel, JTrans- 
lated from the German. Vols. I.^, 8vo. 
63^, Vol. VI. Christ and his Times ^ 8vo. 
i6f. Vok VII. and VIII. Tfie Apostolic 
Age^ 8vo. 2 IS, 

FAIRBAIRN,-- Works by Sir W, 
Fairbairn^ Bart^ C,E, 

A Treatise ON Mills and Mill- 
WORE, with 18 Plates and 333 Woodcuts. 

1 vol. 8vo. 25J. 

Useful Information tor Engi- 
neers, With many Plates and Wood- 
cuts. 3 vols. crown 8vo. 31J. (id, 

FARRAR* — Language and Lan- 
guages, A Revised Edition of Chapters 
on Language and Families of Speech, By 
F. W Farrar, D.D. Crown 8vo. 6j. 

FITZWYGRAM. — Horses and 

Stables. By Major-General Sir F. 
Fitzwygram, Bait. With 39 pages of 
Illustrations. Svo. 10^. 6d, 

FOX. — The Early History 01 
Charles fAMES Fox, By the Right 
Hon. G. 0. Trevelyan, M.P. Library 
Edition, Svo. iSj. Cabinet Edition, 
cr. Svo, 6 j. 

FRANCIS.^^^ Book on Angling; 
or, Treatise on the Art of Fishing in every 
branch; including full Illustrated Lists 
of Salmon Flies. By Francis Francis. 
Post Svo. Portrait and Plates, 15^, 

FREEMAN.— IVoRRi byE. A, Free- 
man, D,C,L, 

The Historical Geography of 
Europe, With 65 Maps. 2 vols. Svo. 
%is, (d. 

Some Impressions of the United 
States, Crown Svo. 6r. 

FRENCH. -—Nineteen Centuries 
OF Prink in JSI^gland, a History. 
'^.Richard Valpy French, D.C.L. 
IX. B. F.S. A, j Author of * The History 
of Toasting * &c. Crown Svo. loj, 6d, 


F^OUDE* — Works by James A 
Froude, M,A, 

The History of England, from 
the Fall of Wolsey to the Defeat of the 
Spanish Armada. 

Cabinet Edition, 12 vols* cr. 8vo,;^3. 12s. 
Popular Edition, 12 vols. cr. Svo, ^2. 27. 

Short Studies on Great Sub- 
yECTS. 4 vols. crown Svo. 24^. 

The English in Ireland in the 
Eighteenth Century, 3 vols. crown 
Svo. iSf. 

Thomas Carlyle, a Histoiy of the 
first Forty Years of his Life, 1 795 to 
1835. 2 vols. Svo. 32.f. 

Carlyle's Life in London ; from 
1834 to his death in 1881. By James A. 
Froude, M.A. with Portrait engraved 
on steel. 2 vols, Svo. 32/. 

GANOT.— Works by Professor 

Ganot. Translated by E. ATKINSON, 
Ph.D. F.C.S. 

Elementary Treatise on Fiiy- 
sicSf for the use of Colleges and Schools. 
With 5 Coloured Plates and 898 Wood- 
cuts. Latt Icrown Svo. 15J. 

Natural Philosophy for Gene- 
ral Readers and Young Persons, 
With 2 Plates and 471 Woodcuts. Crown 
Svo, p, 6d, 

GARDINER. — Works by Samuel 
Rawson Gardiner, LL,D, 

History of England, from the 
Accession of James I. to the Outbreak of 
the Civil War, 1603-1642, ^Cabinet 
Edition, thoroughly revised, 10 vols. 
crown Svo, price 6^. each, ' 

Outline of English History, 
R.c. 55-A.D. 1880. With 96 Woodcuts, 
fcp. Svo, 2s. 6d. 

For Professor Gardiner’s other 
Works, see ‘Epochs of Modem History,’ 

p. 9. 

GARROD. — Works by Alfred 
Baring Garrod, M,D, FR.S* 

A Treatise on Gout and Rheu- 
matic GouT\RHEuMATotD Arthritis), 
With 6 Plates, comprising 21 Figures 
(14 Coloured), and 27 Illustrations en- 
graved on Wood, Svo. 21s, 

The Essentials of Materia 
Medjca and Therapeutics, Revised 
and edited, under the supervision of the 
Author, by E. B. Baxter, m.D. F. R. C P. 
'Professor of Materia M^ica and Thera- 
peutics in King’s College, Ixmdon, 
Crown Svo. 12s, 6(4 
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GROVE .--Thb Corrblatjou ' 09 

Physical Forces. By the Hon. Sir 
W. R. Grove, F.R.S. &c. 8vo. iSx. 


GOETHE*— Translated by 

T, E. Webb, LL.P. Reg. Prof, of Laws 
and Public Orator in the Univ. of 
Dublin. 8vo, I2j. 6d. 

Faust. A New Translation, chiefly in 
Blank Verse ; with a complete Introduc- 
tion and Copious Notes. By jAMEb 
Adey Birds, B.A, F.G.S. Large 
crown 8vo. 12$. 6d. 

Faust. The German Text, with an 
English Introduction and Notes for Stu- 
dents. By Albert M, Selss, M.A. 
Ph.D. Crown 8vo. 5 j. 

GOODEVE. — Works bv T M. Good- 
eve^ M.A. 

Principles of Mechanics. With 
253 Woodcuts. Crown 8vo. 6s, 

The Elements of Mechanism. 
With 342 Woodcuts. Crown 8vo. 6s. 

GOSPEL FOR THE NINETEENTH 

CENTURY (The). 8vo. lo^. 6d. 

GRANT.- Works BY Sir A lexander 
Grant, Bart. LL.D. D.C.L. b^c. 
The Story of the University of 
Edinburgh during its Firat Three Hun- 
dred Years. With numerous Illustrations. 

2 vols. 8 VO. 36 r. 

The Ethics of Aristotle. The 
Greek Text illustrated by Essays and 
Notes. 2 vols. 8vo. 32^. 

GRAY. — Anatomy, Ee^criptive 
AND Surgical. By Henry Gray, 
F.R.S. late Lecturer on Anatomy at St. 
George’s Hospital. With 557 large 
Woodcut Illustrations ; those in the First 
Edition after Original Drawings by Dr. 
Carter, from Dissections made by the 
Author and Dr. Carter; the additional 
Drawings in the Second and subsequent 
Editions by Dr. Westmacott, and other 
Demonstrators of Anatomy. Re-edited 
by T. Pickering Pick, Surgeon to St. 
George’s Hospital. Royal 8vo, 30J. 

GREVILLE. — Journal of the 
Reigns of King George IV. and King 
William IV. By the late C. C, F. 
Greville. Edited by H, Reeve, C.B. 

3 vols. 8vo. 36J. 

GWILT. ^An Encyclopedia of 
Architecture, Historical, Theoretical, 
and Practical. ByJosEPiiGwiLT, F.S.A. 
Illustrated with more than 1,100 En- 
gravings on Wood by R. Branston from 
Drawings by J. S. Gwilt. Revised, with 
Alterations and Considerable Additions, 
(by Wyait Papworth. Additionally 
illustrated with nearly 400 Wood En- 
gravings by O. jEWiiT, and nearly 200 
other Woodcuts. 8vo, 52r. 6d. 


HALLIWELL-PHILLIPPS. - Out^ 

LINES OF THE LiFE OF SffARES^ARB. 
ByJ, 0 . HALLiWELL-PtriLUPPS, F.R.S. 
8vo. 7 j. 6d, 

HAMILTON. •^Life of Sir William 
R. Hamilton, Ku LL.D. D.C.L. 
M.R.I.A. &c. Including Selections from 
his Poems, Correspondence, and Miscel- 
laneous Writings. By the Rev. R. P. 
Craves, M.A. Vol. 1. 8vo, ly. 

HARTE. — On the Frontier. Three 
Stories. By Bret Harte, i6mo. u. 

HARTWIG.-^^i?^^ G 

Hartwig. 

The Sea and its Living Wonders 
8vo, with many Illustrations, los. 6d. 

The Tropical World. With abou 
200 Illustrations. 8vo. los. 6d. 

The Polar World ; a Description 
of Man and Nature in the Arctic and 
Antarctic Regions of the Globe. Maps, 
Plates, and Woodcuts. 8vo. 10s. 6d. 

The Arctic Regions (extracted from 
the * Polar World ’). 4to. 6d. sewed. 

The Subterranean World. With 
Maps and Woodcuts. 8vo. los, 6d. 

The Aerial World; a Popular 
Account of the Phenomena and Life of 
the Atmosphere. Map, Plates, Wood- 
cuts. 8vo. I Of. 6d. 

HASSALL. — Works by Arthur 
Hill Hassall, M.D. 

Food ; its Adulterations and the Me- 
thods for their Detection, Illustrated. 
Crown 8vo. 24s. 

San Remo, climatically and medically 
considered. With 30 Illustr^ong. Crown 
8vo. 5f. 

HAUGHTON, — Lectures on 
Physical Geography, delivered iir 1876, 
with some Additions. By the Rev. Samuel 
Haughton, F.R.S. M.D. D.C.L. With 
23 Diagrams. 8vo. 15^. 

HAVELOCK. — Memoirs of Sir 
Henry Havelock, K.C.B. By John 
Clark Marshman. Crown 8vo. 3^, 6d. 

HAWARD.-^ Treatise ON Or* 
thopaEdic Surgery. By J. Warring- 
ton Haward, F.R.C.S, Surgeon to St. 
George’s Hospital. ' With 30 Illustrations 
engraved on Wood, 8vo. I2f. 6 d, 
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WSlXBOIiTZ*--PopuLAK Lectures 
OH SaENTiFic Subjects* By Professor 
Helmholtz. Translated and edited by 
Edmund Atkinson, Ph.D. F.C.S. 
With a Prefece by Professor Tyndall, 
F*R.S. and 68 Woodcuts. 2 vols. 
Crown 8vo* I5r, or separately, yx. 6d. each. 

HERSCHEL — Outlines of Astro- 
nomy, By Sir J. F. W. Herschel, 
Bart. M.A. With Plates and Diagrams. 
Square crown 8vo. I2x. 

HEWm. — WORNS BY Gj^aily 
Hewitt^ MD, 

The Diagnosis and Treatment 
OF Diseases of Women^ including 
THE Diagnosis of Pregnancy. New 
Edition, in great part re-written and 
much enlaiged, with 21 J Engravings on 
Wood, of which 79 are new in this Edi- 
tion. 8vo. 24X. 

The Mechanical System of Ute- 
rine Pathology, With 31 Life-size 
Illustrations prepared ex}>ressly for this 
Work. Crown 4to, yx, 

HICKSON. — Ireland in the 
Seventeenth Century; or, The Irish 
Massacres of 1641-2, their Causes and 
Results. Illustrated by Extracts from the 
unpublished State Papers, the unpublished 
MSS. in the Bodleian Library, Lambeth 
Library, &c. ; a Selection from the unpub- 
lished Depositions relating to the Massa- 
cres, and the Reports of the Trials in the 
High Court of Justice, 1652-4, from the 
^unpublished MSS. By Mary Hickson. 
/^With a Preface by J. A. Fronde, M.A. 

2 vols. 8vo. 28s, 

HOBART. — The Medical Language 
OF St, Luke: a Proof from Internal 
Evidence that St. Luke’s Gospel and the 
Acts were written by the same person, 
and that the writer was a Medical Man. 
By the Rev. W. K. Hobart, LL.D. 
8vo. i6j. 

HOLMES.-^ System of Surgery^ 

Theoretical and Practical, in 7 realises by 
various Authors. Edited by Timothy 
Holmes, M.A. Surgeon to St, George’s 
Hospital; and J. W. Hulkr, F.R.S. 
Surgeon to the Middlesex Hospital. In 

3 Volumes, with Coloured Plates and 
Illustrations on Wood. 3 vols. royal 8vo. 
price Four Guineas, 

HORACE . — Horatii Oder a, Library 
Edition ; the Text carefully corrected, 
with Notes, Marginal References, and 
Various Readings. Edited by the Rev. 
J. E. Yongb, M.A. Assistant Master, 
Eton.’ 8vo. 2ix« 


H01IEB.-ri/£ Iliad of Momer^ 

Homometrically translated by C. B. Cay- 
ley. 8vo. I2J. 6 d, 

The Iliad of Homer, The Greek 
Text, with a Verse Translation, by W. C, 
Green, M.A. Vol. I. Books I,-XII. 
Crown 8vo, 6x, 

EO?KmS.-CHRisT the Consoler; 
a Book of Comfort for the Sick. By 
Ellice Hopkins. Fcp. 8vo. is, 6d, 

HORSES AND ROADS ; or How to 

Keep a Horse Sound on His L^s. By 
Free-Lance, Crown 8vo. 6x. 

HORT. — The New Tantheon^ or an 
Introduction to the Mythology of the 
Ancients. By W. J. Hort, i8mo, 
2s. 6d, 

HOWITT. — Visits to Remarkable 

PLACESf Old Halls, Battlc-Vields, Scenes 
illustrative of Striking Passages in English 
History and Poetry. By' William 
II owiTT. With 80 IllustratioiU'* engraved 
on Wood, Crown 8vo. yx. 6d, 

HULLAH.- VbRKs BY John I(ul- 
LAIIy LL . l /, 

Course of Lectures on the His- 
tory OF Modern Music, 8vo. 8x. 6rfi, 

Course of Lectures on the Tran- 
sition Period of A/usical History, 
8vo. I ox. 6d. 

HULME . — Art-Instr uction inEng- 
LAND . By F. E. Hulme, F. L. S, F. S. A. 
Fcp. 8vo, 3x, 6 ( 1 , 

HUME. — The Philosophical Works 
OF David Hume, Edited by T. 11 . 
Green, M.A. and the Rev. T. H. 
Gro.se, M.A. 4 vols, 8vo. 56X. Or 
separately, Essays, 2 vols. 28x. Treatise 
on Human Nature. 2 vols. 28x. 

HUSBAND. — Examination Qlns- 
tions in Anatomy^ Physiology, Bo- 
TANY, Materia Medica, Surgery, 
Medicine, Midwifery, and State* 
MEDICINE , Arranged by H. A. Hus- 
band, M.B. M.C, M.R.C.S, L.S.A.&C. 
32mo. 4x. 6d, 

INGELOW* — [Poetical WorRs of 

Jean Incelow, New Edition, reprinted, 
with Additional Matter, from the 23rd 
and 6th Editions of the two volumes 
respectively. With 2 Vignettes. 2 vols, 
Fcp. SVO. I2X, 
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IN THE OLDEN TIME.-A Novel. 

By the Author of * Mademoiselle Mori. 
Crown 8yo. 6 s, 

3AXMS0V.-mjiJcs BY Mrs, Tame 

soi^. 

Legends of the Saints and Mar- 
tyrs, With 19 Etchings and 187 Wood- 
cuts* 2 vols. 3i.r. 6d, 

Legends of the Madonna^ the 
Virgin Mary as represented in Sacred 
and Legendary Art. With 27 Etchings 
and 165 Woodcuts, i vol. 2ij. 

Legends of the Monastic Orders, 

With II Etchings and 88 Woodcuts, 
I vol. 21 S, 

Histor y of the Sa vio ur^ His Types 
and Precursors. Completed by Lady 
Eastlake. With 13 Etchings and 281 
Woodcuts. 2 vols. 42 J, 

JEFFERIES. — Works by Richard 
Jefferies, 

The Story of My Heart: My 
AutobiograjAy. Crown 8vo. 5s. 

Red Deer, Crown 8vo. 4s. 6d, 

JOHNSON* — The Pa tentePs Man- 

UAL ; a Treatise on the Law and Practice 
of Letters Patent, for the use of Patentees 
and Inventors. By J. Johnson and J. 
H. Johnson, 8vo. ioj. 6d, 

JOHNSTON. — A General Diction- 
ary OF Geography, Descriptive, Physi- 
cal, Statistical, and Historical ; a com- 
plete Gazetteer of the World. By Keith 
Johnston. Medium Svo. 42J. 

JONES. — The Health of the 
Senses: Sight, Hearing, Voice, 
Smell and Taste, Skin; with Hints 
on Health, Diet, Education, Health Re- 
sorts of Europe, &c. By H. Macnaugh- 
TON Jones, M,D. Crown Svo. 3J. 6 d, 

JUKES.— Works by the Rev, An- 
DREW Jukes, 

The New Man and the Eternal 
Life, Crown Svo. 6s, 

The Types of Genesis, Crown 

8vo, p, 6 d, 

The Second Death and the Re- 
stitution OF ALL Things, Crown Svo, 
3s, 6d, 

The Mystery of the Kingdom, 
Crown Svo. 25, 6d, 

JUSTINIAN. — The Institutes of 
Justinian; Latin Text, chiefly that of 
Huschke, with English Introduction, 
Translation, Notes, and Summaiy. By 
Thomas C. Sandars, M.A. Barrister- 
at-Law. Svo, i8j. 


j KALISCH. - Works by M. M. 
Kalisch, M,A, ^ 

Bible Studies, Part I. The Pro- 
phecies of Balaam. Svo. lOr, 6 d, Part 
11 . The Book of Jonah. Svo. lOr, 6 d, 
Commentary on the Old Testa- 
mur t ; with a New Translation. Vol. I. 
Genesis, Svo. iSj. or adapted for the 
General Reader, 12s, Vol. 11 . Exodus, 
iSs, or adapted for the General Reader, 
I2f. Vol. III. Leviticus, Part I. i^s, or 
adapted for the General Reader, 8s, 
Vpl. IV. Leviticus, Part II. 15^, or 
a^pted for the General Reader, 8s, 

KANT. — Critique of Practical 
Reason, and other Works on the Theory 
of Ethics. By Emmanuel Kant. 
Translated by Thomas Kingsmill Abbott, 
B.D. With Memoir and Portrait. Svo. 
I2j. 6 d, 

KEARY. — Outlines of Primitive 
Belief among the Indo-European 
Races, By Charles F. Kearv, M.A. 
Svo, iSj. 

KELLER. — The Lake Dwellings 
OF Switzerland, and other Parts of 
Europe. By Dr, F. Keller, President 
of the Antiquarian Association of Zurich . 
Translated and arranged by John E. 
Lee, F.S.A. F.G.S. 2 vols. royal Svo. 
with 206 Illustrations, 42J. 

KERL. — A Practical Treatise on 
Metallurgy, By Professor Kerl. 
Adapted from the last German Edition by 
W. Crookes, F.R.S. &c. and E. Rbhrig, 
Ph.D. 3 vols. Svo, with 625 Woodcuts, 

YlllMjYi*--HANDBOOK to MilPs 
System OF Logic, By the Rev. A. II. 
Killick, M.A. Crown Svo. 3^. 6 d, 

KOLBE. — A Short Text- book of 
Inorganic Chemistry, By Dr. Her- 
mann Kolbe. Translated from the 
German by T. S. Humpidge, Ph.D. 
With a Coloured Table ot Spectra and 
66 Illustrations. Crown Svo. ^s, 6 d, 

Lkm-JVoxjcs BY Andrew Lang, 
late Fellow of Merton College, 

Custom AND Myth; Studies of Early 
Usage and Belief. With Illustrations. 
Crown Svo, ^s, 6 d, 

The Princess Nobody: a Tale of 
Fairyland. After the Drawings by 
Richard Doyle, printed in colours by 
Edmund Evans. Post 4to. 3s, boards. 
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L&THAH.- sy J^o^knr G, 

ZATfiAM^ M.J. MJ?» 

A Dictionary of thm Mnglish 
Language. Founded cJb the Dictionary 
of Dr. Johnson. Four vols. 4to. Zt* 

A Dictionary of the English 
Language, Abridged from Dr. Latham’s 
Edition of Johnson's Dictionary, One 
Volume. Medium 8vo. I4f. 

Handbook of the English Lan- 
guage, Crown Svo. 6^. 

LEGKY. — Works byW,E,H, Lmcky 

History of England in the i 8 ra 
Century, 4 vols. 8vo. 1700-1784, 
Ll, Its, 

TheHistor yof European Morals 
FEOH Augustus to Cuarlemagne, 
2 vols. crown Svo. i6j. 

History of the Rise and Influ- 
ence OF THE Spirit of Rationalism 
IN Europe, 2 vols. crown 8vo. iOj. 

Leaders of Public Opinion in 
Ireland, — Swift, Flood, Grattan, 
O’Connell. Crown Svo. 7 j. 6ff. 

LESLIE. — Essays in Political and 
Moral Philosopuy, By T. E. Cliffe 
Leslie, Barrister-at^Law. Svo. io.r. Gd, 

LEWES. — The History of Philo- 
sophy^ from Thales to Comte. By 
George Henry Lewes, 2 vols. Svo, 
Its, 

LEWIS. — On the Influence of 
Authority IN Matters of Opinion, 
By Sir G. C, Lewis, Bart. Svo. 14?. 

LINDLEY and MOORE. - The 

Treasury of Botany^ or Popular 
Dictionary of the Vegetable Kingdom. 
Edited by J. Lindley, F.R.S. and T. 
MoOre, F.L,S. With 274 Woodcuts 
and 20 Steel Plates, Two Parts, fcp, 
Svo, 12s, 

LITTlf. --On In- knee Distortion 
(Genu Valgum) : Its Varieties and Treat- 
ment with and without Surgical Opera- 
tion. By W. J. Little, M.D. Assisted 
by Muirhead Little, M.R.C,S. With 
40 Illustrations. Sva yx, Gd, 

LIVEING. — Works BY Robert Live- 
iNG^ M,A, and MD, Cantab, 

Handbook on Diseases of the 
Skin, With especial reference to Dia- 
gnosis and Treatment. Fcp. Svo. $s, 

Hotes on the Treatment of Skin 
Diseases, iSmo. 3 J, 

Elephantiasis Grascorum^ - or 

^ True Leprosy, Crown Svo. 4J. 6d, 


LLOYD. —A TREApsE ON Magnet- 
ism, General and ^Terrestrial. By H, 
Lloyd, D.D. D.C.L. Svo. ioj. 6 d, 

LLOYD. — The Science of Agricul- 
ture, By F. J. Lloyd. 8yo. I2j. 

LOVIGKANm— -Works by William 
Longman, PSA, 

Lectures on the History of 
England from the Earliest Times to the 
Death of King Edward IL Maps and 
Illustrations. Svo, I5f. 

History of the Life and Times 
OF Edward III, With 9 Maps, 8 
Plates, and 16 Woodcuts. 2 vols. Svo. 28 j. 

LONGMAN. — Works by Frederick 
W, Longman, BalUol College, Oxon, 

Chess Openings, Pep. Svo. ts, 6d, 

Frederick the Great and the 
Seven Years* PVar, With 2 Coloured 
Maps. Svo, 2 s, 6 d, 

A Hew Pocket Dictionary of 
T im German and English Lak 
GUA 6 BS, Square iSmo. 5 j* 

LONGMAN’S MAGAZINE. Pub- 
lished Monthly. Price Sixpence, 

Vols. 1-4, 9 I. price Sj. each. 

L0N6M0RE. — Gunshot InyuRiEs ; 

Their History, Characteristic Features, 
Complications, and General Treatment. 
By Surgeon-General T. Longmore, C.B. 
F.R.C.S. With 58 Illustrations. Svo. 
price 3IJ-. 6 d, 

LOUDON.- Works by J, C, Loudon, 
F,L,S, 

Encyclopaedia of Gardening ; 
the Theory and Practice of Horticulture, 
Floriculture, Arboriculture, and Land- 
scape Gardening. With i,ooo Woodcuts. 
Svo. “2 1 J. 

Encyclopaedia of Agriculture; 

the La3dng-out, Improvement, and 
Management of Landed Property? the 
Cultivation and Economy of the Produc- 
tions of Agriculture. With 1,100 Wood- 
cuts. Svo. 21S, 

Encyclopaedia of Plants; the 
Specific Character, Description, Culture, 
History, &c. of all Plants found in Great 
Britain. With 12,000 Woodcuts. Svo. 42s, 

LUBBOCK. — The Origin of Civili- 
zation and THE Primitive Condition 
OF Man, By Sir J. LubROCK, Bart. 
M.P, F.R.S. Svo. Woodcuts, i%s, 

LYRA GERMANICA ; Hymns Trans- 
lated from the German Miss C. 
WXNKWORTH. Fcp. SvO, Ss, 
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HACALISTER * — An Introduction 

TO THB SySTBNATIC ZoOLOGY AND 

Morphology of Vertebrate Ani- 
mals* By A. Macalister, M.D. 
With 28 Diagrams. 8vo. lor. 6d* 

VLkRkahkY.^-WOEKS AND 
LIFE OF LORD MAC A ULA K 

HISTOR y OF ENGLAND from 
THE Accession of Jambs the Second: 
Student’s Edition, 2 vols. crown 8vo. 12s* 
People’s Edition, 4 vols. crown 8vo. i6j. 
Cabinet Edition, 8 vols. post 8vo. 48^. 
Library Edition, 5 vols, 8vo. ;^4. 

CRITICAL AND HISTORICAL 
ESSA YS: 

Cheap Edition, i vol. crown 8vo. 2j. 6</, 
Student’s Edition, i vol. crown 8vo. 6j. 
People’s Edition, 2 vols. crown Svo. 8s» 
Cabinet Edition, 4 vols. post Svo. 241. 
Library Edition, 3 vols. Svo. 36J. 

LA VS OFANCIENTROME, 

Illustrated by G, Scharf, fcp. 4to. los, 

— Popular Edition, 

fcp. 4to. 6d, sewed, Is, cloth. 

Illustrated by J. R. Weguelin, crown Svo. 

3jr, 6d, cloth extra, gilt edges. 

Cabinet Edition, post Svo. 6d, 
Annotated Edition, fcp. Svo. u. sewed, 
IS. 6d. cloth, or 2 J. 6d. cloth extra, gilt 
edges. 

ESSA YS which may be had separ- 
ately price 6d. each sewed, is, each cloth : 
Addison and Walpole. 

Frederick the Great. 

Cfokei's Boswell’s Johnson. 

Ilallam’s Constitutional History. 

Warren Hastings. 

The Earl of Chatham (Two Essays). 

Ranke and Gladstone, 

Milton and Machiavelli. 

Lord Bacon. 
l.ord Clive, 

Lord Byron, and The Comic Dramatists of 
the Restoration. 

The Essay on Warren Hastings annotated 
by S. Hales, is. 6d. 

The Essay on Lord Clive annotated by 
H. Courthope-Bowen, M.A. 2s. 6d, 

SPEECHES: 

People’s Edition, crown Svo, 3^*. (id, 

MISCELLANEOUS WRITINGS 

Library Edition, 2 vol$. Svo. Portrait, 21^. 
People’s Edition, i vol. crown Svo. 4s, 6d. 

SELECTIONS FROM THE 
Writings of Lord Macaulay, Edi- 
ted, with Occasional Notes, by the Right 
Hon. G. 0 . Trevelyan, M.P. Crown 
Svo. 6s, 

[CoftHfined ahve. 


HkZkJJLkX - WORKS AND 
LIFE OF LORD MACA ULA Y 
— continued. 

MISCELLANEOUS WRITINGS 

AND Speeches: 

Student’s Edition, in One Volume, ctown 
Svo, 6s. 

Cabinet Edition, including Indian Penal 
Code, Lays of Ancient Rome, and Mis- 
cellaneous Poems, 4 vols. post Svo. 24s, 

THE COMPLETE WORKS of 

loRD Mac A ULA Y, Edited by his Sister, 
Lady Trevelyan. 

Library Edition, with Portrait, 8 vols, 
demy Svo. ;£5. 5^. 

Cabinet Edition, 16 vols. post Svo, £4* l6s. 

THE LIFE AND LETTERS of 

Lord Macaulay, By the Right Hon. 
G. O. Trevelyan, M.P, 

Popular Edition, i vol, crown Svo. 6s, 
Cabinet Edition, 2 vols. }>ost Svo. I2s, 
Library Edition, 2 vols. Svo. with Portrait, 
36J. 

MACFARREN,*— on Har- 
mony, delivered at the Royal Institution. 
By G. A, MaCfarren. 8vo. i2s, 

MACKENZIE.— rm Use of the 

Laryngoscope in Diseases of the 
Throat; with an Appendix ,on Rhino- 
scopy. By Morell Mackenzie, M.D. 
Lond. With 47 Woodcut Illustrations. 
Svo. 6s, 

MACLEOD. — Works by Henry D, 
Macleod^ M.A, 

Principles of Economical Philo- 
sophy, In 2 vols. Vol. L Svo, 15^, 
Vol. II. Part i. i2.i. 

The Elements of Economics, In 

2 vols, Vol. 1 . crown Svo. is, 6d, 

The Elements of Banking, 
Crown Svo. 5^, , 

The Theory and Practice of 
Banning. Vol. 1 . Svo, 12s, Vol. IL 
nearly ready. 

Elements of Political Economy, 
Svo. i6j. 

Economics for Beginners, Svo. 
2s, 6d, 

Lectures on Credit and Banking, 
Svo. ss, 

MACNAMARA. — Himalayan and 
Sub-Hi MALA van Districts of British 
India, their Climate, M^ical Topo- 
graphy, and Disease Distribution. By 
F. N. MacnAmara, M.D. Wkh Map 
and F'ever Chart. Svo. 2 if. ' 
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HoCULLOCH. — The Dictionary 
OR Commerce and Commercial Navi^ 
CATION of ihe late J. K. McCulloch, 
of H,M. Stationery Office. Latest Edi- 
tion, containing the most recent Statistical 
Information by A. J. Wilson, i vol. 
medium 8vo. with 1 1 Maps and 30 Charts, 
price 63 j. cloth, or yor. strongly half- 
bound in russia. 

MAHAFFY. — A History of Clas-^ 
siCAL Greek Literature, By the Rev, 
T. P. Mahapfy, M.A. Crown 8vo. 
Vol. I. Poets, ^s,6d, Vol. II. Rose 
Writers, yj, 6 d, 

MALMESBURY. — Memoirs of an 

Ex-Minister: an Autobiography. By 
the Earl of Malmesbury, G.C. B. 2 vols. 
8vo. 32/. 

MANNING. — The Temporal Mis- 

SION OF THE Holy Ghost; or, Reason 
and Revelation. By H. E. Manning, 
D.D. Cardinal- Archbishop. Crown 8vo. 
8 j.6^. 

mmimkXi.-woRKs BY James 
Martineau^ D,D, 

Hours of Thought on Sacred 
Things, Two Volumes of Sermons. 
2 vols. crown 8vo. yj. 6d, each. 

Endeavours AFTER the Christian 
Life, Discourses. Crown 8vo. yj. 6d, 

MAUNDER’S TREASURIES. 

Biographical Treasury, Recon- 
structed, revised, and brought down to 
the year 1882, by W. L. R. Cates. 
Fcp. Svo. 6 j. 

Treasury of Natural History; 
or, Popular Dictionary of Zoology. Fcp, 
Svo, with 900 Woodcuts, 6j. 

Treasury of Geography^ Physical, 
Historical, Descriptive, and Political. 
With 7 Maps and 16 Plates. Fcp, Svo, 6 j. 

Historical Treasury, Outlines of 
Universal History, Separate Histories of 
all Nations. Revised by the Rev. Sir G. 
W. Cox, Bart. M.A. Fcp. Svo. 6 s, 

Treasury of Knowledge and 
Library of Neference, Comprising 
an English Dictionary and Grammar, 
Universal Gazetteer, Classical Dictionary, 
Chronology, Law Dictionary, &c. Fcp. 
Svo. 6 s, 

Scientific and Literary Trea- 
sury: a Popular Encyclopaedia of Science, 
Literature, and Art. Fcp. Svo. 6 s, 


MAXWELL.— John of A us- 

TRu ; or, Passages from the Histoiy 
of the Sixteenth Century, I54y~i5y8 
By the late Sir William Stirlin('. 
Maxwell, Bart. K.T. With numerous 
Illustrations engraved on Wood taken 
from Authentic Contemporary Sources, 
Library Edition. 2 vols, royal Svo. 42s, 

MAY.— Works by the Right Hon, 
Sir Thomas ErskineMa r , K, C,B, 

The Constitutional History of 
England since the Accession of 
George 111 , iy6o-i8yo. 3 vols. crown 

8 VO. i8j. 

Democracy in Europe; a History. 

2 vols. 8vo. 32^. 

MENDELSSOHN. — The Letters of 

Felix Mendelssohn, Translated by 
Lady Wallace. 2 vols, crown Svo, loj. 

MERIVALE. — Works by the Very 
Rev, Charles Merivale^ D,D, 
Dean of Ely, 

History of the Romans under 
THE Empire, 8 vols. post 8vo. 48J. 

The Fall of \he Roman Repub- 
lic : a Short History of the Last Cen- 
tury of the Commonwealth, i2mo. p, 6d, 

General History of Rome from 
B,c, yS3 TO A,D, 4y6. Crown Svo. p, 6d, 

The Roman Triumvirates, With 
Maps. Fcp. Svo. 2s, 6d, 

MILES. — Works by William 
Miles, 

The Horse^s Foot^ and How to 
KEEP IT Sound, Imp. Svo. i2j. 6d, 

Stables and Stable Fittings, 
Imp. Svo. with 13 Plates, 15^. 

Remarks on Horse^ Teeth, ad- 
dressed to Purchasers. Post Svo. if. 6d, 

Plain Treatise on Horse^shoe- 
ing. Post Svo. Woodcuts, 2f. 6d, 

1 I 1114 L*--Analysis of the Pheno- 
mena of the Human Mind, By 
James Mill. With Notes, Illustra- 
tive and Critical, 2 vols. Svo. 28f. 

MILL- Works by John Stuart 
Mill, 

Principles of Political Economy, 
Library Edition, 2 vols. Svo. 30^, 

People’s Edition, i vol. crown Svo. 5f, 
[Cottiimted on next faoe. 
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MILL. — Works sr Joim Stuart 
continued 

A Systrm of Logic, Ratiocinative 
and Inductive. 

Library Edition, 2 vols. 8vo. 25^. 

People^s Edition, crown 8vo. 5.1. 

Oy Liberty, Crown 8vo. \s, 

Oy REPRESEyTATivE GovERyMEyr, 
Crown 8vo. 2s, 

Autobiography^ 8vo. *is, 6d, 

RsSAYSOySOME UySETTLED QUES- 
TIONS OF Political Economy, 8vo. 
6 s, U 

Utilitarianism, 8va $s. 

The Subjection OF Women, Crown 
Svo. 6s, 

Examination of Sir William 
Hamilton's Philosophy, 8vo. 16s, 

Dissertations and Discussions, 
4 vols. 8vo. £2, 6s, 6d, 

Nature,^ the Utility of Religion^ 
AND Theism, Three Essays. 8vo. 
lOr. 6 d, 

HILLER. — Works by W, Allen 
Miller^ MD, LL,D, 

The Elements of Chemistry^ 
Theoretical and Practical Re-edited, 
with Additions, by H. Macleod, F.C.S. 
3 vols. Svo, 

Part I. Chemical Physics, idj*. 

Part II. Inorganic Chemisty, 241. 

Part III. Organic Chemistry, 31J. 6d, 

An Introduction to the Study 
OF Inorganic Chemistry, With 71 
Woodcuts, Fcp, Svo. 3^. 6d, 

HILLER. — Readings in Social 
Economy. By Mrs. F. Fenwick 
Mii.ler, Member of the London School 
Board. Library Edition, crown Svo. 5r. 
Cheap Edition for Schools and Beginners, 
crown Svo, 2s, 

HILLER.- Wintering in the Ri^ 

VIERA ; with Notes of Travel in Italy 
and France, and Practical Hints to 
Travellers. By W. Miller. With 12 
Illustrations. Post Svo. ^s, 6d, 

MILNER. — Country Pleasures \ 

the Chronicle of a Year, chiefly in a 
Garden. By George Milner. With 
Vignette, Crown Svo, 6s, 

MITCHELL — A Manual of Prac- 
tical AssAyiNG, By John Mitcheli., 
F.C.S. Revised, with the Recent Dis* 
coveries incorporated. By W. Crookes, 
F,R.S. Svo. Woodcuts^ jir. 64 » 


MODERN NOVEUSrS LIBRARY 

(THE). Price 2.r. each boards, or 2^. 6 d, 
each cloth 

By the Earl of Beaconsfield, K.G. 
Endymion. 

Lothair. Henrietta Temple. 

Coningsby. Contarini Fleming, &c. 

Sybil. Alroy, Ixion, &c, 

Tancred. The Young Duke, &c, 

Venetia. I Vivian Grey, T 

By Mrs, Oliphant, 

1 In Trust. 

By pRET Harte. 

In the Carquinez W’oods. 

By Anthony Trollope. 

Barchester Towers. 

The Warden, 


By Major Whyte-Melville. 


Digby Grand 
General Bounce. 
Kate Coventry. 
The Gladiators. 


Good for Nothing, 
Holmby House. 
The Interpreter, 
Queen’s Maries, 


By Various Writers. 

The Atelier du Lys. 
Atherstone Priory. 

The Burgomaster’s Family, 
Elsa and her Vulture, 
Mademoiselle Mori. 

The Six Sisters of the Valleys, 
Unawares. 


MOMCK. — An Introduction to 
Logic, By William H. Stanley 
Monck, M.A. Prof, of Moral Philos. 
Univ. of Dublin. Crown Svo. 5^, 

MONSELL. — Spiritual Songs for 


LL.D. Fcp. Svo. 5.r.' iSmo. 

' MOORE. — The Works of Thomas 
Moore, 

Lalla Rookh, Tenniel’s Edition, 
with 68 Woodcut Illustrations, Crown 
Svo. lOJ, 6 d, 

Irish Melodies, Maclise's Edition, 
with 1 61 Steel Plates. Super-royal Svo, 

21 S, 

ON Disease in India, By Charles 
Morehead, M.D, Surgeon to the Jam- 
setjee Jeejeebhoy Hospital. Svo. 21s, 

MORELL. — Handbook of Logic, 

adapted especially for the Use of Schools 
and Teachers. By J. D. Morell, LL.D. 
Fcp, Svo. 2 s, 

tlOZLEY.— R eminiscences chiefly 
OF Oriel College and the Oxford 
Movement, By the Rev. Thomas 
Mozley, M.A. 2 vols. crown Svo. 
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HffUEB .— sy R Max 

MOller, M.A. 

Biographical Essa ys. Crown 8va 

7 ^. 6 </. 

Selected Essays on Zangi/age^ 
Mythology and Rbugwn 2 vols. 
crown Svo, idr. 

Lectures on the Science of Lan- 
guage, 2 vols, crown 8vo. %6s, 

India^ What Can it Teach Us^ 
A Course of Lectures delivered before the 
University of Cambridge. 8vo. 12s, 6d. 
Hibbert Lectures on the CfkiGiN 
AND Growth of Religion, as illus- 
trated by the Religions of India. Crown 
8vo. p, (id. 

Introduction to the Science of 
Religion: Four Lectures delivered at the 
Royal Institution ; with Notes and Illus- 
trations on Vedic Literature, Polynesian 
Mythology, the Sacred Books of the 
East, &c. Crown 8vo. *1$, bd. 

A Sanskrit Grammar for Begin- 
ners, in Devanagari and Roman Letters 
throughout. Royal 8vo. 7 j. bd, 

MURCHISON.- Works by Charles 
Murchison^ M,D, LL.D, 
KR,C,S, ^c, 

A Treatise on the Continued 
Fevers of Great Britain, New 
Edition, revised by W. Cayley, M.D. 
Physician to the Middlesex Hospital. 
8vo. with numerous Illustrations, 25J. 
Clinical Lectures on Diseases 
OF THE Liver, Jaundice, and Ab- 
dominal Dropsy, New Edition, re- 
vised by T. Lauder Brunton, M.D. 
8vo. with numerous Illustrations. 

[/« preparation, 

NEISON. — The Moon, and the Con- 
dition and Configurations of its Surface. 
By E. Nkison, F.R,A.S. With 26 
Maps and 5 Plates. Medium 8vo, 311. bd, 

NEVILE.— Works by George Ne- 
VILE, M,A. 

Morses and Riding, With 31 Illus- 
trations. Crown 8vo. 6f. 

Farms and Farming, With 13 
Illustrations, Crown 8vo. dr. 

NEWMAN , — Apologia pro VitA 

SuA ; being a History of his Religious 
Opinions by Cardinal Newman. Crown 
8vo. dr. 

NEW TESTAMENT (THE) of our 

Lord and Saviour Jesus Christ. Illus- 
trated with Engravings on Wood after 
Paintings by the Early Masters chiefiyofthe 
Italian School. New and Cheaper Edition. 
4to, 2is, cloth extra, or 42;, mofocQO. 


NOHTHCOTT.— and Turn- 
ing, Simple, Mechanical, and Ornamen- 
tal. Bjr W. H. Northcott. With 338 
Illustrations. 8vo. iRr. 

OWEN^-^ Works by Sir Richard 
Owen, K,C,B, 

The Comparative Anatomy and 
Physiology OF THE Vertebrate Ani- 
mals, With 1,472 Woodcuts. 3 vols. 
8vo. i3f. bd. 

Experimental Physiology, its 
Benefits to Mankind ; with an Ad- 
dress on Unveiling the Statue of William 
Harvey at Folkestone, August 1881. 
Crown 8vo. $s, 

PAGET* — Works by Sir James 
Paget, Bart, F,R,S, D,C,L, dpc. 
Clinical Lectures and Essays, 
Edited by F. Howard Marsh, Assistant- 
Surgeon to St. Bartholomew’s Hospital. 
8vo. 15J. 

Lectures on Surgical Patho- 
logy, Delivered at the Royal College 
of Surgeons of England. Re-edited by 
the Author and W. Turner, M.B. 
8vo. with 13 1 Woodcuts, 2js, 

PALEY. — Fiew of the Evidences 
ofChristiaa \yandHorae Pa vlinae. 
By Archdeacon Paley. With Notes and 
an Analysis, and a Selection of Questions. 
By Robert Potts, M.A. 8va. loe, bd, 

PASTEUR. — Louis Pasteur, his Life 

and Labours. By his Son-in-Law. 
Translated from tne French by Lady 
Claud Hamilton. Crown 8vo. p, bd, 

PAYEN, — Industrial Chemistry; 

a Manual for Manufacturers and for Col- 
leges or Technical Schools ; a Translation 
of Payen’s ‘Precis de Chimie Indus- 
trielle.’ Edited by B. H. Paul. With 
698 Woodcuts. Medium 8vo. 42J. 

PAYN. — Thicker than Water, A 
Novel. By James Payn, Author of 
‘Lost Sir Massingberd’ &c. Crown 
8vo. bs, 

PENNELL — ^pROM Gra ve to Gay^ : 

a Volume of Selections from the complete 
Poems of 11 . Cholmondeley- Pennell, 
Author of * Puck on Pegasus* &c. Fcp. 
8vo. bs, 

IflESSXSik.’^MATERiA Medic A and 
Therapeutics, By Dr. Pereira. 
Abridged, and adapted for the use of 
Medical and Pharmaceutical Practitioners 
and Students. Edited by Professor R. 
Bentley, M.R.C.S, F.L.S. and by 
Professor T. Redwood, Ph.D. F.C.S. 
With 126 Woodcuts, 8vo. 25J. 
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PERRY.— ^ Popular Introduce 

TION TO THE IIlSTORY OF GrBBK AND 
Roman Sculpture^ designed to Promote 
the Knowledge and Appreciation of the 
Remains of Ancient Art. By Walter 
C. Perry. With 268 Illustrations, 
Square crown 8vo. 3IJ. 6d, 

PIESSE. — The Art of Perfumery^ 
and the Methods of Obtaining the Odours 
of Plants; with Instructions for the 
Manufacture of Perfumes, &c. By G. 
W. S. PiESSE, Ph.l). F.C.S. With 
96 Woodcuts, square crown 8vo. 2ir. 

PLATO. — The Parmenides of 
Plato; with Introduction, Analysis, 
and Notes. By Thomas Maguire, 
LI/.D. D.Lit. Fellow and Tutor, Trinity 
College, Dublin. 8vo. 6d, 

POLE. — The Theory of the Mo^ 

DBRN SciEATIFIC GaME OF IVlIIST, 
By W. PoT.E, F.R.S, Fcp. 8vo. zs, 6^4 

PROCTOR. — Works ey P. A, Proc-^ 

TOR. 

The Sun; Ruler, Light, Fire, and 
Life of the Planetary System. With 
Plates and Woodcuts. Crown 8vo. 14J. 

The Orbs Around Us ; a Series of 
Essays on the Moon and Planets, Meteors 
and Comets, the Sun and Coloured Pairs 
of Suns. With Chart and Diagrams, 
crown 8vo. 'js. 6d, 

Other Worlds than Ours; The 
Plurality of Worlds Studied under the 
Light of Recent Scientific Researches. 
With 14 Illustrations, crown 8vo. lor. 6^4 
The Moon ; her Motions, Aspects, 
Scenery, and Physical Condition. With 
Plates, Charts, Woodcuts, and Lunar 
Photographs, crown 8vo. lOJ. bd. 
Universe of Stars; Presenting 
Researches into and New Views respect- 
ing the (Constitution of the Heavens. 
With 22 Charts and 22 Diagrams, 8vo. 
lOx. 6d. 

New Star Atlas for the Library, 
the School, and the Observatory, in 12 
Circular Maps (with 2 Index Plates). 
Cror^m 8vo. Jj. 

Larger Star for the Library, 

in 12 Circular Maps, with Intro<luction 
and 2 Index Pages. Folio, 15?. or Maps 
only, izs. (id. 

Light Science for Leisure Hours; 
Familiar Essays on Scientific Subjects, 
Natural Phenomena, &c. 3 vols. crown 

8vo, 7^, (>d* each. 

\C(mtinmd dmc. 


PROCTOR- WoRKSBYli. A, Proctor 

continued. 

Studies of Venus- Transits ; an 
Investigation of the Circumstances of the 
Transits of Venus in 1874 and 1882. 
With 7 Diagrams and 10 Plates. 8vo. 5 j, 

Transits of Venus. A Popular 
Account of Past and Coming Transits 
from the First Observed by Horrocks in 
1639 to the Transit of 2012. With 20 
Lithographic Plates (12 Coloured) and 38 
Illustrations engraved on Wood, 8vo. $s.6d. 
Essays on Astronomy. A Series 
of^ Papers on Planets and Meteors, the 
Sun and Sun-surrounding Space, Stars 
and Star Cloudlets. With lo Plates and 
24 Woodcuts, 8vo. 12s. 

A Treatise on the Cycloid and 
ON ALL Forms of Cycloidal Curves, 
and on the use of Cycloidal Curves in 
dealing with the Motions of Planets, 
Comets, «&.c. and of Matter projected from 
the Sun. With 16 1 Diagrams, Crown 
Svo. 10 s. 6d, 

Pleasant Wavs in Science, with 
niimcrou.s Illustrations. CrovvTi Svo. 6 s. 

Myths and Marvels of Astro* 
nomy, with numerous Illustrations, 
Crown Svo. 6s. 

THE ‘KNOWLEDGE’ LIBRARY. 

Edited by Richard A. Proctor. 
Science Byways. A Series of Fa* 
miliar Dissertations on- Life in Other 
Worlds. By RICHARD A. Proctor. 
Crown Svo. 6 s, 

The Poetry of Astronomy. A 
Series of F.amiliar Essays on the Heavenly 
Bodies. By Richard A. Proci'cr. 
Crown Svo. 6 s, 

Nature Studies. Reprinted from 
An(ncded(N. By Grant Allen, An- 
drew Wilson, Thomas Foster, 
Edward Clodd, and Richard A. 
Proctor. Crown Svo. 6j. 

Leisure Readings. Reprinted from 
KnoruUdge. By Edward Ci.oi)D, 
Andrew Wilson, Thomas Foster, 
A. C. Runyard, and Richard A, 
Proctor. Crown Svo. 6j. 

The Stars in their Seasons. 
An Easy Guide to a Knowledge of the 
Star Groups, in Twelve Laige Maps. By 
Richard A. Proctor. Imperial 8va 5.?. 

QUAIN’S ELEMENTSof ANATOMY. 

The Ninth Edition. Re-edited l)y Alle^t 
Thomson, M.D. LL.D. F.R.S.S. L,& E. 
Edward Albert Schafer, F.R.S. and 
George Dancer Thane. Wi^h up- 
wards of 1,000 Illustrations engraved an 
Wocxi, of which many are Coloured. 
2 vols, Svo. jSs. each. 
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QffAIM. — A Dictionary of Medi- 
cms, Inclading General Pathology^ 
General Therapeutics, Hygiene, and the 
Diseases peculiar to Women and Children. 
By Various Writers. Edited by R. Quain, 
M.D. F.R.S. &c. With 138 Woodcuts. 
Medium 8vo. 31J. cloth, or 40ir. half- 
russia ; to be had also in 2 vols. 34J’. cloth. 

RAWLINSON. - The Seventh 
Great Oriental Monarchy; or, a 
History of the Sassanians. By G. Raw* 
LINSON, M.A. With Map and 95 Illus- 
trations, 8vo. 28^, c 

READER.- VoiCFS FROM Flower- 

Land^ in Original Couplets. By Emily 

E. Reader. A Birthday-Book and Lan* 
guag^ of Flowers. i6mo. 2 j. 6</, limp 
cloth ; 3r. 6</. roan, gilt edges, 

REEVE. — Cookery and House* 

JKEfEfViVG; a Manual of Domestic Economy 
for Large and Small Families. By Mrs. 
Hen ry Reeve. Wi th 8 Coloured Plates 
and 37 Woodcuts, Crown 8vo. yj, 

RICH. — A Dictionary of Roman 
AND Greek Antiquities, With 2,000 
Woodcuts. By A, Rich, B.A. Crown 
8vo, 7 j, 

BIVERS. •— Works by Thomas 
Rivers, 

The Orchard-House; or, the 
Cultivation of Fruit Trees under Glass. 
Crown 8vo. with 25 Woodcuts, 5^. 

The Rose Amateur's Guide, 
Fcp. 8yo. 4f. (>d, 

ROGERS. — Works by Henry 
Rogers, 

The Eclipse of Faith ; or, a Visit 
to a Religious Sceptic. Fcp. 8vo. 5?, 
Defence of the Eclipse of 
Faith, Fcp. 8vo. 3J. 6d, 

'BSiQiEl.— T hesaurus of English 
Words and Phrases, classified and 
arranged so as to facilitate the expression 
of Ideas, and assist in Literary Compo- 
sition. By Peter M. Roget, M.D. 
Crown 8vo. los, 6 d, 

RONALDS - TffE Fly-Fisher's 
Fntomology, By Alfred Ronalds. 
With 20 Coloured Plates, 8vo. 14^. 

SALTER. — Dental Pathology and 
Surgery, By S. J, A. Salter, M.B, 

F, R.S. With J33 Illustrations, 8vo. i&r. 


SCOTT. — Works by John Scott, 

Rents and Purchases; or, the 
Valuation of Landed Property, Woods, 
Minerals, Buildings, &c. Crown 8vo. 6 s, 

The Farm- Valuer, Crown 8vo. ji. 

SEEBOHM.— by Frederick 
Seebohm, 

The Oxford Reformers — John 
C oLET, Erasmus, and Thomas More; 
a History of their Fellow- Work. 8vo, 
14^. 

The English Village Community 
Examined in its Relations to the Manorial 
and Tribal Systems, and to the Common 
or Openfield System of Husbandry, 13 
Maps and Plates, 8vo. i6s, 

TheEra of the Protestant Revo- 

LbliON, With Map, Fcp. 8vo. 2j. 6d, 

SENNEn.—TiV^ Marine Steam 
Engine ; a Treatise for the use of Engi- 
neering Students and Officers of the Royal 
Navy. By Richard Senneft, Chief 
Engineer, Royal Navy, With 244 Illus- 
trations, 8\o, 2is, 

SEWELL.— Works by Elizabeth 
M, Sewell, 

Stories and Tales, Cabinet 
Edition, in Eleven Volumes, crown 8vo. 
y, 6d, each, in cloth extia, with gilt 
edges 

Amy Herl^ert. Gertrude, 

The Earl’s Daughter. 

The Experience of Life. 

A Glimpse of the World, 

Cleve Hall. Ivors, 

Katharine Ashton. 

Margaret Percival. 

Laneton Parsonage. Uisula, 

Passing Thought? on Religion, 
Fcp. 8 VO. y, 6 d, 

Preparation for the Holy Com- 
munion; the Devotions chiefly from the 
works of Jeremy Taylor. 32mo. y, 

Hight Lessons from Scripture, 
32mo. 3J. 6d, 

SEYHLOUK-^-ThePsalms of Da vid; 
a new Metrical English Translation of the 
Hebrew Psalter or Book of Praises. By 
William Digby Seymour, Q.C. LL.D, 
Crown 8vo. 2j, 6d, 

SHORT. — Sketch of the History 
of the Church of England to the 
Revolution of 1688. By T* V. Short, 
D,D, Crown 8vo. y, 6 a, 
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SHAKESPEAItl . — Bowdler's Fa- 
mily Shajcbspbare. Genuine Edition, 
in 1 vol. medium 8vo, large ty^, with 
36 Woodcuts, I4f. or in 6 vols. fcp. 8vo, 
2lr. 

OirrLiJVEs OF the Life of Shake- 
SPBARB, By J. O. Halliwell-Phil- 
Lipps, F.R.S. 8vo, 7 j. 6^, 

SIMCOX. — A LfiSTORV OF Latin 
Literature, By G. A. Simcox, M.A. 
Fellow of Queen’s College, Oxford. 2 
vols. 8vo. 32J. 

SKOBELEFF AND THE SLAVONIC 

CAUSE. By O. K. Honoraiy Member 
of the Benevolent Slavonic Society. 8vo. 
with Portrait, 14X. 

SMITH, Rev. SYDNEY.~r//^ Wit 

AND Wisdom of tub Ref, Sydney 
Smith, Crown 8vo. ^s, (yd, 

SMITH, R. BOSWORTH. -- 

thagb and the Carthaginians. By 
R. Boswortu Smith, M.A. Maps, 
Plans, &c. Crown 8vo. lOx. 6d, 

SMITH, R. A. — Air and Bain; the 

Beginnings of a Chemical Climatology. 
By R. A. Smith, F.R.S. 8vo, 24J. 

SMITH, JAMES. — The Voyage and 
Shipwreck of St, Paul, By James 
Smith, ofjordanhill. With Dissertations 
on the Life and Writings of St. Luke, 
and the Ships and Navigation of the 
Ancients. With numerous Illustrations. 
Crown 8vo. ^s, 6d, 

SMITH, T.— Manual of Opera- 
tive Surgery on the Dead Body, 
By Thomas Smith, Surgeon to St. 
Bartholomew’s Hospital. A New £di* 
Hon, re-edited by W. J. Walsham. 
With 46 Illustrations. 8vo. I2x. 

SMITH, H. F. -—The Handbook for 
Midwives, By Henry Fly Smith, 
M.B. Oxon. M.R.C.S. late Assistant- 
Surgeon at the Hospital for Sick Women, 
Soho Square. With 41 Woodcuts. 
Crown 8vo. $s, 

SOPHOCLES . — SopiwcLis Trag<m- 

DIM sufwrstites ; recensuit et brevi Anno- 
tatione instruxit Gulielmus Linwtood, 
M.A. .^is Christ! apud Oxonienses 
nuper Alumnus. Editio Quarta, auctior 
et emendatior. 8vo. i6x. 

The Theban Trilogy of Sopho- 
cles; Oedipus Rex, Oedipus Coloneus, 
Antigone: Greek Text, with copious 
Explanatory English Notes. By the Rev. 
W. Linwood, M.A. Crown 8vo. Js, 6 d, 


SOUTHEY. --The Poetical Works 

OF Robert SouriiEYt with the Author’s 
last Corrections and Additions. Medium 
8vo. with Portrait, I4r. 

The Correspondence of Bober r 
Southey with Caroline Bowles^ 
bMited by Edward Dowdrn, LL.D. 
8vo. Portrait, 14X. 

STANLEY,—-.^ Familiar History 
of Birds, By E. Stanley, D.D 
Revised and enlarged, with 160 Wood* 
cuts. Crown 8vo. 6j. 

STEEL. — A Treatise on the Dis- 
eases of the Ox; being a Manual of 
Bovine Pathology specially adapted for 
the use of Veterinary Practitioners and 
Students. By J. H. Steel, M.R.C.V.S. 
F.Z.S. With 2 Plates and 116 Wood- 
cuts. 8vo. 15J. 

STEPKEil.-FssAys IN Ecclesias- 
tical Biography, By the Right Hon. 
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Bible Animals; a Description of 
every Living Creature mentioned in the 
Scriptures. With 112 Vignettes. 8vo. 
lox. 6d* 

Strange Dwellings; a Description 
of the Habitations of Animals, abridged 
from * Homes without Hands.* With 
Frontispiece and 60 Woodcuts. Crown 
8vo. 5 j. Popular Edition, 4to. 6^/. 

Out of Doors ; a Selection of 
Original Articles on Practical Natural 
History. With 6 Illustrations. Crown 
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